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INTRODUCTION 
Nature often is bountiful, but it is not always dependable. The 
agricultural sector of the economy is directly affected by forces of 
natur~ such as precipitation, temperature, and other weather related 
factors. Because these factors are not predictable for any given pro-
duction planning period, resource allocation in agricultural production 
is, by nature, formulated in a framework of uncertainty. That is, deci= 
sions_ regarding resource use nmst be made under conditions of imperfect 
knowledge a.bout future occurrences of the many physical factors affecting 
the production of a given farm or a,:ea. The financial success of a farmer 
depends, to a large degree, upon the realized accuracy of his expectations 
of yields, p?!ices, and other prod11ction related factors. 
Technological advance in agriculture has been rapid in recent years. 
Superior.varieties of crops,have been developed, machinery has been 
devis_ed to better till the soil and control weeds, mineral and organic 
fertilizers_ have been produced to supplement soil resources, and insects 
and diseases are being brought UDder control. Many such advances help 
reduce in!!Jtability of production and help stabilize incomes from farming. 
Yet agricultural production and incomes in the Great Plains States remain 
1 
2 
highly variable, whereas cost commitments are relatively fixed. 1 A sub-
stantial amoUD.t of this income variability is generated by highly variable 
yields arising from extreme seasonal and. annual :fluctuations in qua1'tity ,1 • 
and distribution of rainfall. 
This condition is characteristic of Roger Mills County in Western: 
Oklahoma. Figure 1 summarizes the average annual yield per acre tor wheat, 
oats, and grain sorghum for the period 1947-61. These. yield data indicate 
the wide annual fluctuations in yields and, consequently, the technical 
uncertainty a farmer in the County faces when planning the allocation of 
his resources. 
Irrigated agriculture, in general, permits greater .control of physical 
factors in production than dryland systems of :farming. Moisture i~ a very 
crucial variable in.agricultural produ~tion. Consequently, irrigation 
could be expected to add substantially to the stabilization of production 
and income in this Great Plains County. 
A recent study conducted at ~orth Dakota State University indicates 
that yields ~ere considerably more stable under irrigation than with dry-' 
· .land farming. 2 .For example, yiel4 variability of wheat was reduced by 
4JJ. per cent. Also, irrigation reduced the variability of gross income by 
14 per cent and net income by 18 per cent. I,n addition to reducing vari-
ability, irrigation increased the returns per $100 of aU production costs, 
1Wallace G. Aanderud, vv1ncome Variability of Alternative Plane, 
Selected Farm andBancli. Situations~ Rolling Plains of Northwest Okla-
homa" (unpub. Ph •. D. dissertation 9 Oklahoma State Univerai ty, 1961*), p. 1. 
2 . . LeRoy W. Schaffner, Laurel D. Loftagard, and Duane C. Vochrodt, 
Production~ Income Variability for Farm Enterpriees ~ Irrigation.!!!!! 
I>ryland, North Dakota Agricultural Experiinent Station, Techiiical Bulle-
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Figure 1. AYerage Aiulual Yield• for Wheat, Oate, and 
Grain Sorghum, 19~7-1961, Roger Milli County, Oklahoma. 
excluding land and labor, by 2~ per cent. A substantial amount of income 
variability in the Great Plains area is due to highly variable yields 
resulting from often inadequate and frequently untimely precipitation. In 
this respect, Ro_ger Mills County of Oklahoma does not differ significantly 
from crop farming areas of North Dakota. 
Upstream watershed development provides an alternative means of 
developing or increasing the supply of water for irrigation. The amount 
of water potentially available for irrigation is a function of deaign of 
the watershed development project. Structures built for flood protection 
only provide some irrigation potential. However, irrigation can be in-
eluded as a project purpose. The appropriate emphasis to give to irriga-
tion as a purpose in project design will depend partly on the value of 
water for irrigation in the watershed area. The major purpose of this 
study is to estimate values of water used in irrigation on bottoml~nd _soils 
of Roger ~ills County. Estimates of the values of water for irrigation 
purposes are not presently availa.ble for Western Oklahoma. .The results of 
this study should be useful to project planners in. estimating the feasi-
bility of a structure to serve the purpose of flood control along with 
irrigation water storage. 
Watershed Development Program 
The watershed development program on the Washita River ~•in evolved 
from the Flood Control Act of 1944.3 This Act authorized the United 
' . . . 
States Department of Agriculture to install works of improvement on 11 
3united States Statutes!!, Large, 78th Congress, 2d Session, 1944, 
Public Law'53~~ Volume 58, Part One, pp. 887-907. 
5 
rather large watershed• in the United Statea~ 4 The Washita River drainage 
area was one of the original areas selected as pilot watersJteds. The 
worka of improvement include run-off and water-flow retardation ae well as 
erosion prevention. The1e watershed improvements create a potential to 
increase agricultural production by providing the farmer with a more sta-
ble physical environment within whieh to plan the allocation of resources. 
Through a reduction in flooding hazard and an increased potential 
for irrigation, opportun.~ties exist for affected farmers to increase their 
production efficiency by making adjustments in land use, capital investments, 
and general farm organization. The limited amount of irrigation data and 
experience available in this area makes irrigation dechion making diffi-
cult and uncertain. This lack of information is one possible reason for 
reluctance on the part of farmers to develop the irrigation potential avail-
able from watershed development projecta. 
A memorandum of agreement between the Soil ~onservation Service and 
the Economic Research Service of the United States Depa~tment of Agri-
culture of January, 1955, contained provisions for developing a compre-
hensive research program emphasizing an economic evaluation of a watershed 
development program aueh aa that authorized by the Flood Control Act of 
194~. The Washita Economics Research Laboratory was organized to implement 
this memorandum. The research of thi• ~aboratory, a cooperative venture 
between the Economic Research Service, United States Department of Agri= 
culture, and the Oklahoma. Agricultural Experiment Station, is to evaluate 
works of improvement in1talled on the tributaries of the Washita River. 
The re1earch reported in this manu11cript is a part of that evaluation. 
4stanley W. Voelker and John Muehlbeier, telnstitutional Arrangements 
for Waterehed Programs 9', Jc:nirnal 91,. !'.!!:!· Economics P XXXVl (December, 1951,i,) p 
pp. 1184-1185. . . , . .· . .. . · ·· 
6 
Area of Study 
This study is concerned with that portion of Roger Mills County 
encompassed by the Washita River Basin in general, and farms within the 
basin having bottomland soil in particular. Soil units classified as 
having potential for irrigation are emphasized in this study. The total 
land area of the County is approximately 726,000 acres; about 75 per cent 
of this land is situated in the Washita River Basin . 5 Less than three 
per cent of the land in the Washita River Basin is irrigable. 
The economy of Roger Mills County is predominantly rural . Farming, 
ranching, and associated agricultural enterprises are the principal 
sources of income. Wheat and cotton are the major crop enterprises, and 
a beef cow-calf system is the leading livestock enterprise. The total 
income from all crops and livestock for 1959 amounted to $7 , 400 , 000 . 6 
All crops represented about 34 per cent and livestock and livestock pro~ 
ducts represented the remaining 66 per cent of this total income. 
The average annual precipitation in the County is approximately 
24 inches.7 Rainfall distribution is highly erratic with the annual 
amounts varying from 13 to 46 inches in the County. Droughts of from 
three to eight weeks occur during nearly all growing seasons. These 
droughts are usually accompanied by hot, dry , evaporative winds , which 
5united States Department of Agriculture, Soil Conservation Service 
(unpub. data, Stillwater). 
6united States Department of Commerce, Bureau of Census, United 
States Census 2.!. Agriculture f2!: Oklahoma , 1222 (Washington , 1961). 
7united States Department of Commerce, Weather Bureau, Climatological 
~' Oklahoma, 1914~1960 , Volumes 23-69 (Washington, 1960). 
7 
quickly dissipate the soil moisture supplies. Interspersed with such 
droughts are storm periods, very frequently violent and of short duration, 
which produce intense rainfall and possible flooding over small areas. 
The watershed program has been developed quite intensively in Roger 
Mills County. The program is nearing completion on all sub-watersheds in 
the County. A recent progress report of the Soil Conservation Service 
indicates that about 76 per cent of the floodwater retarding structures 
8 were completed or contracted for as of January, 1963. 
The Objectives and Content of the Study 
The continued planning and construction of watershed projects pro~ 
vides additional potential for farmers to increase ~heir production 
efficiency through irrigation and/or other adjustments in resource use. 
The general objective of this research is to appraise and evaluate the 
potential value of water for irrigation in Roger Mills County. The 
specific objectives are: (1) to determine the amount of farm land in 
the area of study with physical and economic potential for irrigation; 
(2) to determine the value of water used to irrigate crops and pastures 
for (a) alternative crop systems and varying levels of water availability , 
(b) alternative farm resource situations p and (c) alternative systems of 
farming within a given resource situation ; (3) to estimate the optimum 
allocation of alternative levels of available water among crops and farms 
in the area; and (4) to appraise the availability of water for irrigation 
relative to programmed demands for water. 
8United States Department of Agriculture, Soil Conservation Service, 
Progress Report. Presentation at annual meeting of Washita Council, 
Stillwater, Oklahoma, January 13, 1963 (mimeo), p. 4. 
8 
The remainder of this thesis is divided into four chapters. The 
second chapter presents the theoretical concepts appropriate to this 
resource allocation problem and discusses the methods used in developing 
the analysis. Chapter three presents and discusses the results of the 
programming analysis. An interpretation and application of these results 
are presented in chapter four. The fifth chapter summarizes the study 
and presents conclusions relevant to Roger Mills County. 
CHAPTER II 
THEORETICAL CONCEPrS AND METHODS OF ANALYSIS 
The purposes of this chapter are: (1) to present the basic economic 
theory relevant for determining the optimum allocation of supplemental 
irrigation water among alternative uses, (2) to describe the empirical 
methods used in making the theory operational, and (3) to describe sources 
and development of the data used in the study. 
The Value of Water 
When the supply of water is plentiful in relation to the demand for 
it, it is treated as a free conunodity. Benjamin Franklin once observed, 
''When the well is dry we know the worth of water. 111 When water is plenti= 
ful, there is little or no concern for its utility to man's existence and 
the laws that govern its use. However, when a sharp increase in demand 
relative to supply is experienced, water becomes a scarce commodity. When= 
ever any good becomes scarce, some means are necessary to bring the demand 
for the good in line with the existing supply. 
There are five basic functions which must be performed by an economic 
2 system if the economy is to grow and develop. One of these functions is 
1Dennis Thomte, Allen 'oison , and L. D. Loftsgard, 11Changes in North 
Dakota I s Water Law", North Dakota ~ Research, XXII (1963), p. q. 
2Richard H. Leftwich 9 The Price System and Resource Allocation (rev. 
ed., New York, 1960), p. lq~ 
9 
to ration the supply of a good which is rel~tively limited in the short 
run. 3 The competition among users for a lirui ted supply will cau.se. the 
price to rise. Through the law of demand, an increase in price results 
in a decrease in the quantity demanded. This adjustment in price con= 
tinues until an equilibrium exists between quantity demanded a.nd the 
expected supply. If the supply is exceedingly large in relation to the 
quantity demanded 9 an equilibrium between supply and demand may exist 
only at a price of zero. ThuS 9 water takes on a monetary value only as 
the supply of water becomes scarce relative to demand. That is, as the 
10 
supply of water becomes more scarce 9 competition for a relatively limited 
quantity will force a rise in the equilibrium price. 
The growing demand :for water relative to supply is a matter of 
increasing public concern.. Water is allocated among uses a.nd users 
through public institutions rather than private markets. Watershed develop= 
ment creates both water supplies and institutions governing the allocation 
of these supplies. Thus, it is of major importance that knowledge of an 
efficient allocation of water among uses and users be available for incor= 
poration into watershed developme,nt plans. 
Resource Allocation 
A study by the Rand Corporation used the equimarginal returns 
principle of economic theory as the criterion for determining the optimum 
allocation of water in alternative uses.q Assuming profit maximization 
3The other functions areg (1) determination of what is to be pro= 
dueed 9 (2) organization of production» (3) product distribution 9 and 
(It) economic maintenance and progress. 
\Jack Hirschliefer, James C. DeHavenp and Jerom~ W. Milliman. 9 Water 
Supply: Economics 9 TechnologL .!!!! Policy (Chicago, 1960), pp. 72-73. · 
. . . . . .. . -- . . .. ' ·1 - . . 
.. f 11 
as the goal, each unit of a scarce resource, such as water, .should be 
allocated where it receives the greatest marginal return. The. final allo-
cation of a scarce resource is optimum when the marginal value products of 
all uses are equal. 5 This principle provided the basic theoretical frame-
work for the development of this study. '.fhe objectives_ of the model were 
to estinate the marginal value products of water in all uses and to deter-
mine optimum allocations of given water supplies within and among farms. 
A simplified farm resource situation is presented for illustrative pur-
poses •. The problem is to determine the optimum allocation of a given 
supply of irrigation water between alfalfa and cotton consistent with 
maximum profits. 
The curves in Figures 2 and j are schedules of the marginal value 
product of water used in the production of cotton (MVP ) and alfalfa we .. 
(MVPwa) respectively. A water supply of OA1 in Fi~e 2 yields maximum 
returns to water when the entire supply is allocated to cotton. The 
marginal value product of the last unit of water is OQ. Assuming that 
OQ in Figure 2 is greater than OTo in Figure J; any transferring of water 
from cotton to alfalfa (given a water supply of OA1) reduces to~l retu.rnm 
to water since the marginal value product of a unit of water transferred 
from cotton is greater than the marginal value product of a unit of water 
added to alfalfa. That is 9 the loss in returns which occurs by trans-
ferring a unit of water from cotton is greater than the gain in returns 
that occurs by .adding a unit of water to alfalfa. 
5This is the necessary condition for profit maximization. The second 
order or sufficient condition. for profit maximization is that the marginal 
value product of water in each use decline a11 additional water is applied. 
The marginal value prodmct~ a~ ~erived by lim~ar programming and ~•~d 
througho~t this dieeertatiom are met margimal value products since a charge 
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Assume now a larger water supply, represented by OA2 in Figure 2.-If 
this entire supply is allocated to cotton, the marginal value product of 
the last unit of water allocated to cotton is OR (Figure 2). According 
to the equimarginal return principle, using the entire supply on cotton is 
not the profit maximizing allocation of water supply OA2 since MVPwc I 
MVPwa. The profit maximizing allocation of this water supply is OA0 units 
to cotton and OB0 units to alfalfa (OA0 + OB0 = OA2). That is, the 
marginal value products of water in the production of cotton and alfalfa 
are equated by shifting Ac/--2 units of water from cotton to alfalfa 
(A0A2 = OB0) concurrently with an increase in the supply of water of A1A2• 
This analysis could be applied for a series of fixed water supplies 
and n uses. A generalized formulation of the equilibrium condition when 
water is used in the production of several different products is expressed 
by the following condition: 
MVPwl = MVPw2 = • •. = MVPwn~ MCw 
where MVPwl ••• MVPwn represents the marginal value product of water used 
in the production of n alternative products and MCw represents the mar-
ginal cost of another unit of water. 
Operational Model 
The development of a model for analyzing a specific problem requires 
simplifying assumptions about physical and economic conditions relevant to 
the area of study. For this analysis, the following assumptions were made: 
(1) there is a fixed acreage of potentially irrigable land for each 
resource situation under study, (2) all land in a given productivity class 
with potential for irrigation is equally productive, (3) farm programs 
restrict the acreage of wheat and cotton in the organization; (1*) individual 
farmers face a perfectly elastic demand curve for products sold, as well as 
a perfectly elastic resource supply curve, except for land and family labor, 
and (5) knowledge and management capabilities among farmers are equal. 
Linear Programming 
The conceptual analysis in the preceding section assumed that the 
existing production relationships were continuous. That is, there existed 
an infinite number of input-output combinations. The discrete nature of 
the data available for this study restricted the analysis to discontinuousj 
linear relationships. Linear programming is an operational technique used 
to analyze problems involving linear relationships such as those permitted 
by the data used in this study. 
Linear programming was used to determine optimum farm organizations 
for one dryland and three irrigated programming models. 6 The three 
irrigated models assumed alternative levels of water availability per farm. 
The dryland optimum farm organization was used as the base for com= 
puting and analyzing returns to alternative levels of water availability 
for each resource situation. This analysis was accomplished by computing 
the change in net return~ and resource requirements of adding alternative 
levels of water to the present dryland optimum plan. 
Unit of Analysis 
The i 1typical whole farm01 approach was used as the basic unit of 
6For a complete discussion of the use of linear programming for 
formulating optimum farm plans, see Robert W. Llewellyn, Linear !!:2,= 
gramming (New York 9 196q); Saul I. Gass, Linear Progrannning Methods and 
Applications (New York, 1961*}; and :Earl O. Heady and Wilfred C. Candler, 
Linear Programming Methods (Ames, 1958). 
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analysis. This approach considers decisions of the entire farm rather 
than limit the scope of analysis to the portion of the farm containing 
only potentially irrigable land, 
The use of the 01typical whole farm" approach makes it possible to 
analyze changes in land use which take place on the bottomland as a result 
of irrigation. In addition, this approach indicates shifts in land use 
between upland and bottomland as additional irrigation water is available, 
Decisions on resource allocation are made by operators of farm units which 
may contain both bottomland and upland within the watershed. Thus, it 
appears that the important economic unit for analyzing problems of resource 
allocation is the farm unit as a part of the watershed complex rather than 
analyzing problems of resource allocation on only the bottomland portion 
of the farm. The 00 typica.l whole farm11 approach recognizes and accounts 
for the interaction between the upland and bottomland components within a 
single economic unit. 
Developing the Analysis 
Basic resource and other data necessary for the programming analysis 
were obtained by interviewing a sample of 65 farmers in Roger Mills County, 
The population from which the sample was chosen was defined as 00 farm unit.~ 
f) 
within the Washita River Basin of Roger Mills CoWilty operating. bottomland, ii 
This population co1H1isted. of 150 farm un.i ts. 
Information obtained from this survey included a complete inventory 
of land resources by tenure and cla!!IS 9 the land use pattern of the pre= 
vious years, present and historical dryla.nd yields of common crops 1 and 
an inventory of livestock~ crop and livestock machinery 1 and dairy equip= 
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me:nt. A few of the .farmers in the sample had. irrigation experience. 
From these farmers, information was obtained on present and historical 
irrigated yields, investment in irrigation equipment, and practices 
unique to irrigation farming. 
Soil Productivity Class.es 
The soils in Roger Mills County range from fertile bottomland to 
j 
severely eroded, low producing native rangeland. The bottomland includes 
such soil units as Norwood Silt Loam9 Yahola Fine Sandy Laam 9 and Cass 
Loams and include only about /j,.7 per cent of the, total land ar'ea of 
Roger Mills County. 7 
The purpose of the rather detailed study of soils in this study was 
to allow an aggregation of comparable soil units into UBiform produc-
tivity classes. It was assumed that this w0uld provide a more accurate 
evaluation of returns to irrigation water than could be expected when 
soils were classified simply as either cropland or rangeland.(Table I). 
The classification was facilitated by a recent detailed soil survey 
of Roger Mills Collllty by the Sail Con.Hrvation. Service 9 United States 
Department of Agriculture and the Department of Agronomy 9 Oklahoma State 
University.8 This soil survey provided a complete description of all 8oil 
units in the County as well a.s long term average yields. Thh made it 
, 7united States Department of Agriculture 9 Soil Conservation Service 
(unpub. data 9 . Stillwater). 
8United States Department of Agriculture, Soil Conservation Service$ 
ruc1assification and Correlation af the Soils of Roger Mills County, Okla= 
homa" (unpub. report 9 Beltsville~ February, 1961);and United States Depart= 
ment of Agriculture, Soil Conservation Service 9 u1Descriptive Legend, Roger· 
Mills County Standard Soil Survey01 (unpub. report, Beltsville 9 1960). 
TABLE I 
DEFINITION OF LA.ND PRODUCTIVITY CLASSES AS USED IN 
· ... PROGRAMMING ANALYSIS, ROGER MJ:LLS COUN'l'! 
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11 - Land Productivity Class I. Silty alluvial soil occurring in the 
flood plains of streams that drain areas of soils that have reddish 
parent materials of the permian red beds. Norwood Silt Loam. 
12 - Land Productivity Class II. All bottomland soils with individual 
uni ts varying from· silty alluvial te sandy alluvial soils. Includes 
both first and second bottom soils. Yahola, Spur and Port, Reinach, 
and Cass Soils. · 
13 - Land Productivity Class III. Good quality upland. All capable of 
being cropped. Dill-Quinlan, Miles, Miles-Dill, Holdredge, and 
Woodward Soils. · 
1'1 - Lan~ Producti~ity Class IV. Lower qua.lity ~pl.and. Miles, ~iles 
Springer, Springer, Woodward, Prat.t, Brownfield-Nobscott Sods 
t 5 -Land Productivity Cl~ss V. Bottomland soils subject to frequent 
flooding. Includes su'birrigated range sites. Used exclusively for 
meadow and pasture. .. Lincoln and Sweetwater Soils~ 
16 - Land Productivity Class VI. Upland generally not suitable for 
cropping. Brownfield.;.,Nobscot, Pratt Complex, Miles=Nobscott Complex, 
and Quill,lan-Woodward Soils. · · · 
L - Land Productivity Class VII. Rough and severely eroded upland range. 
1 Considerable !ewer and wider range in carrying capacity than 16. 
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possible to aggregate the many different soil units of Roger Mills County 
into comparable productivity classes.9 The final classification included 
four cropland and three rangeland preductivity cla_sses. The seven pro-
ductivity classes are defined in Table I. 
Identifying Typical Farms 
The survey of Roger Mills CoW1ty provided a complete inventory of 
land re&fources. This inventory was a basis for stratifying the 65 farms 
of the survey into six typical resource strata or typical farms for pro-
gramming purposes. The farms were stratified to test the hypothesi.s that 
type of farm and acres of bettomland are two influential variables ex-
plaining differences in returns to irrigation water. To test this hypoth= 
esis, the 65 farms in the sample were distributed inte six strata according 
to the characteristics defined in Table II. 
TABLE II 
DEFINITION OF STRATA INTO WHICH THE 65 FARMS IN THE 
ROGER MILLS COOOY SURVEY WERE DISTRIBUTED 
Resource No. of Acres of: 
Strata8 . Farms. . . Rangeland cr.opland Bottomland . 
=i, .. , ·.·«·., .... •: 
A 10 700 or less less than 1.60 60 or less 
B 11 700 or less less than 160 more than 60 
c 12 700 or less 160 ar more 1,05 or less 
D 12 700 or less 160 or more more than 105 
E 10 more than 700 unrestricted 21*0 or.less 
F 10 more than 700 unrestricted more than 24:0 
a The terms ''resource strata'¥ and 00 typica.l farm" will be used inter-
changeably throughout this manuscripto 
·9A descriptien of the procedure used in developing the s0il pro-
ductivity classes is presented .in Appendix B. 
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Fellowing the grouping of the&t! farms into the .six reso~ce 1trata, 
· coefficients were computed representing the average acres of cropland, 
rangela11d, aJid bottomland in each of the six resource .strata~ The coeffi-
cients for each.of the six resource strata defined the six typical farms 
used to determine the value of irrigation water (Table III). 
TABLE III 
DISTRIBUTION OF LAND RESOURCES BY PRODUCTIVITY CLASS 
. , · lroR SIX tYPICAL FABMS~ IWGER MlLLff COUNTY ' . 
. . ·•. .· . - . . ... , ... • ,_ .,_ ·.· ., . 
·,\item Tl!ical Parm A B ... c D ... E ··p·· 
. ·;,,. Acres 
Cropland Total 80 103 .248 236 321 537 
L 7 25 8 75 13 155 
Ll 31 60 57 88 99 147 
12 13 1 10 11 19 159 
L3 29 17 173 62 190 76 4 
Rangeland Total 196 275 406 353 1,413 2,149 
L5 ·8 8 11 28 38 .- . 78 
16 115 211 378 316 l,2M, ; 99% 
L 73 56 17 9 131 lp077 7 
Total Acres 276 378 654 589 1,734 29686 
Farms A and B were defined to asse.ss the relative effect on returns 
to irrigation water of varying acres of bottom.land with cropland and range-
land held relatively constant. Farm B has 47 more acres of bottomland 
and 23 more acres of cropland thau .farm A. '.l'his is a 97 per cent increase 
in bottomland with only a 29 per cent increase in cropland. 
Comparing optimum farm organizations for farms Band C makes it 
p~ssible to evah.ate the effect on returns to irrigatien water of varying 
the acres of upl~nd C?'.opland included in the unit while lD&.intaining bottom-
20 
. . 
land relatively con~tant. The acres of upland cropland in farm C is 
about ll.t:l per cent greater than farm B. ihe acres of bottom.land in farm C 
is slightly lower than farm B. Farms C and D can be compared to analyze 
the influence of bottomland acreage on returns to irrigation water for a 
larger farm size. 
Types of Farming 
Type of farming is a second variable hypothesized as being influential 
in explaining returns to irrigation water. Important consideratiens are 
the efficiency with which the services of irrigation are tr-.nsformed into 
output, the capacity that crops have for utilizing water, and the relative 
prices of the product forthcoming from the production process. 
A summary of the schedules taken in Roger Mills County indicated 
that the most common type of farming was a combination small grains-cotton= 
cow calf livestock farm. Other farm types indicated by the study were 
wheat-cotton-dairy and .small grains-cotton-cow calf-buy eell farms~ A 
definition of farms by type of farming is summarized in Table IV. This 
classification most nearly reflects the types of farming found in the 
Washita River Basin of Itoger Mills County. 
Rainfall Conditions 
The water supply available in the floodwater retarding mtru.cture of. 
Roger Mills County appeared to be adequate for irrigation during a normal 
rainfall year, but insufficient to meet the irrigation water requirements 
during a period of prolonged drought. The supply of water available for 
irrigation relative to demand was hypothesized as a crucial variable 
· influencing investment decisions in irrigation equipment. Therefore, it 
was necessary to strattfy rainfall conditions in order to evaluate the 
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relative demand for irrigation water and change in net returns associated 
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ROGER MILLS COUNTY 












Description of Farm Type 
Small grains-cotton-cow calf 
Small grains-cotton-cow calf 
Small grains-eotten-cow calf 
Wheat-cot ten-dairy 
Small grains-cotton-cow calf 
Wheat-cotton-dairy 
Small grains-cotton-cow calf 
Wheat-cotton-dairy 
Small grains-cotton-cow calf 
Small grains-eotton-eew calf-buy sell 
8 This designation of "typical farms will be used for the respective 
farm types and sizes throughout the study. 
The methodology used to evaluate the effect of rainfall on the demand 
for irrigation water and changes in net returns was to classify rainfall 
conditions into three general categories on the basis of 191~=1960 rain-
10 fall data for the area. When these data for ~6 years were smmnarized 
into a frequency distribution, three distinct groups were evident: 
(1) 10 years with an a1U1.ual rainfall of 16.8 inches classified as below 
average rainfall, (2) 26 years with an aJU1u.al rainfall of 23.8 inches 
· classified as average rainfall, and (3) 10 years with an average rainfall 
of 36.2 inches classified as above average rainfall. 
16United States Department of Connneree,, Weather Bureau, Climato-
logical .!!!!!, Oklahoma, 1914-)960, Data were incomplete for 1933. The 
rainfall data were recorded for Hammon, Oklahoma. These data are sum-
marized in Appendix C, Table I. 
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Enterprise budgets were developed fer all dryland and irrigated 
crops and the programming analysis was performed assuming average and 
below average rainfall conditions. The above average rainfall condition 
was excluded from the programming analysiso This deeisien was made on 
the basis of preliminary results which indicated that the cost of applying 
the relatively small quantity ef water required during above average ram-
fall years was greater than the added returns from the water. 
Irrigation Levels 
The general objective ef this research was to appraise and evaluate 
the potential value of water for irrigatien in Roger Mills County. The 
source of this water supply was assumed to be water stored in floodwater 
retarding structures in the Washita River Basin of Roger Mills County. 
Since the water level of these st:ruetures 9 and thus the supply of water 
available for irrigatien 9 fluctuates from year te yeai; three levels of 
water applicatien per crop and three water levels per farm were assumedo 
Crop Irrigation Lev~lso The three crep irrigatien levels were 
designed to test the hypothesis that a decrease in the supply of irrigation 
water would result in a lower water application per acre rather than a 
Jr'{!d~ction in acres irrigated. 
The maximmn irrigation level for e&eh crop was deteirmin@d by the water 
' 11 requirement of the crop a~d the expeet~d rainfall. The water require~,t 
11.Expected rainfall refer11 te neJr•mal rainfall received during growing 
season of March-September fer all crops except vheato Fer wheat 9 the 
growing season is aee1111D1ed to be August~yo The expected rainfall fer 
the March=September p@ried ie l~ inche~ during below average rainfall 
years and 1, inches illl'ing awerage rainfall yeareo Expected rainfall for 
the August=May period is 12 inches d~ring below average rainfall years 
and 17 inches during average rainfall years. 
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for each erop was computed from basic climatological data fer Roger Mills 
County utilizing a method developed by Blaney and Criddle. 12 This pro-
cedure was used to compute total water requirements fer crops consistent 
with optimum plant growth in relation to climatic factors in Reger Mills 
County.13 
The high irrigation level for each crop (r3 in Table V} was deter-
mined by finding the difference between the computed total water require-
ments and the moisture available from natural precipitation. For example, 
the total water requirement for cotton was 39 inches (Table v). Assuming 
average rainfall ef 19 inches, the irrigation requirement was 20 inches. 
When below average rainfall of 14 inches prevailed, the irrigation.require-
ment was increased to 25 inches to fulfill the total water requirement for 
cotton of 39 inches. 
Irrigation levels r1 and r2 were based on experimental data of the 
Altus Irrigation Experiment Station, experience of soil scientists at 
Oklahoma State University, personn.el of the Seil Conservation Service, and 
local agricultural workers in the area. 
Farm Water Levels. The quantity of water available per farm was 
assumed at four levels (Table VI). The first level programmed was an 
unlimited supply represented by farm water level it in Table VI. The 
purpose of prograDDDing the unlimited supply first was to determine the 
12uarry F. Blaney and Wayne D. Criddle, Determining Water :Require-
ments ..!!! Irrigation Areas !:!:!!!! Climatological ~' Soil Conservation 
Service, United States Department of· Agriculture, SCS-TP-96 (Washington, 
1950). . · 
13The total water requirements for each crop were computed for the 
growing seasons defined in footnote 11, Chapter II •. See Appendix D for 
a discussion of the procedure used in determining crop water require= 
ments. 
TABLE V 
CROP IRRIGATION LEVELS 9 IRRIGATION WATER APPLIED, AND WATER AVAILABLE 
BY CROP, AVERAGE AND B}JLOW AVEM.GR llAINFALLP ROGER MILLS COUNTY 
~==~-
Irri~ation Water A:tmlied 
Levels of Average Below Average •rotal Water 
Crop Irrigation a Rainfall llainfall Availablec 
--= .. ---::;, Acre'::lnches --
Cotton 11 6 ne 25 
12 13 18 32d 
13 20 25 39 
Wheat Il 5 lOe 22 
12 10 15 27d 
I3 15 20 32 
Alfalfa Il 6 11• 25 
12 12 17 3ld 
13 18 23 37 
Grain and 
Forage Sorghum 11 4 Be 22 
12 7 11 26d 
13 10 11' 29 
Midland Bermuda 11 16 2le 35d 
aDryland conditions for each crop were represented by 10• 
blrrigation level I represents the amount of irrigation water 
required in addition to Jatural precipitation, to meet the total water 
requirements of optimum plant growth. 
cRepresents natural precipitation plus irrigation water applied. 
See footnote 11, Chapter II, for natural precipitation during average 
and below average rainfall years. 
duepresents total water requirements consistent with optimum plant 
growth. See Appendix D for computational procedure used in computing 
total water requirements. 
eRepresents enough irrigation water to replace below average pre-
cipitation plus water applied during average rainfall conditions. 
TABLE VI 
FARM WATER LEVELS BY FARM SIZE AND TYPE AS USED IN THE 
PROGRAMMING ANALYSIS» ROGER MILLS COUNTY 
Farm Water Levels 
Farm Size and Type 1 2 3 
A-1 0 l/'JX.1 2/'JX.1 
B-1 0 l/'JX.2 2/'JX.2 
C-1 0 1/JXJ 2/'JX.3 
C-2 0 l /'JX.4, 2/'JX.z,, 
D-1 0 l/'JX.5 2/'JX.5 
D-2 0 1/'JX.6 2/'JX.6 
E-1 0 l/'JX.7 2/~ 
E-2 0 1/'JX.8 2/3Xa 











F-2 0 l/JX.10 2/'JX.10 XlO 
8x. represents the quantity of water necessary to satisfy the 
followiAg equilibrium condition: · 
MVP l = MVPw2 = • • • = MVP ~ MC • w w6 w 




MVP l = Mff v,.n ... • • 0 ... MVJ!P 6 '.:?; MC W w~ W W 
where MVPwl ••• MVP.wt> r~p~$~e~t~ th~ margillll.~l value pirio~u~t @f '!ffllt®ir il!ll 
the pro~u~tion of 6 pro~~ct~ ~Xll~ MC is the marginal ©est of the l~st UJIAit w 
farm ~rga~ization 9 resiour©e r~q~ir~m®nt~ 9 and llll.~t alllld margiltll&l l!"eturn~ ~f 
in~rea~iltllg "W$1ter awailability f~r irrigatio~. 1~ 
14N~t iret~ll"ID.,~ &l1"® ir®tmll"llll~ t@ 1&~~ 9 f~mily l~bor 9 ~i~k 9 ~nd m&lWlge= 
mi&llllt. &.!1"ginei.l ir1trtmm~ a\l!"® 1neitm1l.l."!lhal tio W& tl!!lll." 9 fmmilLy ht1bor 9 l1"hlk 9 amdl 
m!ll.llllBgem.~in,t s.~~od1111t~dl w:lL th ilI"R"igWlt:i.oltll. 
unp11:11.blishied information &.l!Mll. e:x:perhlllllH of staff members at Oklahoma State 
The prod1lll.ct pricl!i a~~111l!D.ptio~8 used in dev®lopilll!.g the enterpll'i~e 
budget~ were ba~ed on 1961 prices receiveilll by farmell'~ illll Westenx OklaholllMli 
15L&lI'ey .Jr" (C:<0IOillll@lf 9 WHU.i&m W', ~IJ:lI''Ollll(!) v ~IDlilll Jfam(P;!l S. Pl&~i©!Ol 9 ~~~ 
~l!ig1lllirem~lll\t~ 9 C!Ol~t~v ~llll~FJ!p~©t®~ J!iet\\1!.lflll!.~ 9 Alter~~tiw~. Cll'~J? .!..~r~ 1iwe~t@©k 
Elmt®R'~ll'h~Jl.9 !ir~..!l/! §~ ~ !~ B!Olllll.llli.J{ .r~.11]! !!, ~illthWIPi~tll!lm !Qkl~lm(l)UI p 
Okhilllom& Agl.Fite1llllt,1llll.t'ad Exp~ll'.iim®llllt St8!1U@llll l!l\llMli JI!'l1Jl'llill E&li)JIB<lllmi@~ 1Diwbhn 9 ERS 9 
USDA 9 Pro©~~~~@ Selfie~~ P=J68 {StillW&t®~ 9 l96l}p ~lll\~ R(\)Jbi!ill'~ Wo Gll'ew~v 
J'&m~!!!! S. 1P'h~:rha) 9 a.lll!.lll.l W:il.11:n.&m Fo L1a.glfoll1l01 9 !~-~(\)J1Jll.ll"@® ~\1±lil!."t!m®lll\~.v ~@~rh 
~ jg'~~ ~t1lllr.~i ./\\1!.tel:r'llll&t:iiw@ .£_r©J12l~rmtfil ~llllj !4,v@~t<lll@~ ~_irpd~H 9 
Rollil!flJ!fl~~v g~ll'thw@~t~ll'llllv ~kl~b@lllll!l\ 9 Okl~h~mBl. Agiri©~lt~r~l E:ii:pe~im~llllt 
SU:d,i>O!lll ei,imldl i"1&irm E@©llll!Olllli©~ Dllv:ii.d®Im 9 ElffiB 9 lcr~JD)A 9 ~IO©<!:.;JHd SH·i~~ 9 P=J90 
(StUlWS1t(!ilr. 0 196!) o 
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developed for these crops in other studies. 16 Adjustments were made in 
these budgets to correspond to yield and price coefficients assumed in 
this study. 
Wheat and cotton were restricted to the acreage allotments of the 
typical farms for the 1961 crop year. The soil bank and conservation 
reserve were excluded as land use alternatives 
Livestock Alternatives. Although a beef cow=calf enterprise was the 
most prevalent livestock enterprise on Roger Mills County farms, various 
feeding enterprises appeared to be gaining popularity. This appeared on 
farms where bottomland was a significant portion of the farm's total land 
resources. In addition, dairying was an important livestock enterprise. 
For example, the value of dairy products sold in 1959 was $860,176 or 
about 12 per cent of the value of all farm products sold in Roger Mills 
County. 17 Thus, Grade A dairy was considered as a production alternative 
on resource situations III, IV, and V based on results of the survey of 
watershed farms. 
Budgets were developed for a Grade A dairy enterprise, alternative 
spring and fall calving cow=calf enterprises, and alternative feeder 
enterprises (Appendix E 9 Tables XXVI=XXX). 
18 Crop Yields. The dryland yields were based primarily on crop 
16cited in footnote lq, Chapter II. 
17united States Department of Commerce, Bureau of Census, United 
Sta.tee Census J?.!'.. Agricul tu.re .!.2!:, Oklahoma 9 1.221 (Washington 9 1961). . 
18Fenton Gray 9 Department of Agronomy 9 Oklahoma State University, 
Odos Henson, Soil Scientist with the Soil Conservation Service located 
at Clinton, Oklahoma. 9 and Charlie Burns 9 Roger Mills County Extension 
Agent provided valuable information and assistance in developing the 
dryland and irrigated yields. 
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yield estimates developed in cennection with the detailed soil survey of 
Roger Mills County. 19 These yield estimates represent average long term 
yields that are expected from each productivity class using presently 
known technology. It was assumed that these yields were representative 
of average rainfall conditions. It was necessary to adjust these yields 
downward for the crop yields reflecting below average rainfall condition~. 
Response to irrigation of various creps at the Alt\Ulll Irrigation 
Experiment Station provided the basis for adjusting the dryland yields 
of Roger Mills County to represent irrigated yields at alternative levels 
f t 1 . t• 20 o wa er app ica ion per acre. In making these adjustments, it was 
assumed that crop response to irrigation in Roger Mills County was similar 
to the response reported at the Altus Irrigation Farm. The budgets for 
irrigated enterprises reflect costs of additional fertilizer application, 
insect control on cotton 9 and other factors neces6ary for irrigation 
farming which are not normally practiced under dryland farming condi= 
t . 21 ions. 
Method of Irrigation 
Sprinkler irrigation methods were a~swned throughout the atudyo 
Because the topography of Jll\Ul.Ch ~f the land cla$sified a~ bettomland i!lll 
uneven and slightly rolling» the ~prinkler irrigation Bystem is the more 
19United States Department of Agriculture» Soil Con~ell."Vation Service 9 
'°Crop Yield Estimates 01 (wnpub. report 9 Stillwater). 
20James E. Garton and A. Do Barefoot 9 !ryigation !!Periment~ ,!! Altus 
.!!!!.!!.~» Oklahema 8 Oklahoma Agricultural Experiment Station Bulletin 
B=534 (Stillwater 9 1959); and Dlmdhy BarefHt and Jame!lll Garton, 00Altus 
Experiment Station Field Day~ (wnpub. report 9 Stillwater 9 1961). 
21 Dryland and irrigat~d yields are •w:mnarized i~ Appendix B9 Table I. 
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practical method of water application. In many areas, the cost of pre= 
paring the land fer an irrigation method other than a sprinkler is 
prohibitive. 
The investment requirements in irrigation equipment were based on 
two basic sizes with combinations ef these two making up five irrigatien 
systems (Table VII). The tetal investment in irrigation equipment, 
including pump, moter 9 pipe~ sprinklers, etc., ranged from $3,561 for 
the small system irrigating approximately 50 acres for best timeliness 




ESTIMATED TOTAL INVESTMENT AND ANNUAL PIXED COSTS OF IRRIGATION 
SYSTEMS DESIGNED FOR TYPICAL FARMS IN THIS STUDY, 
ROGER MILLS COUNTt' 
Size of Irrigation Sistem 
50 100 150 200 JOO 
Items Acres Acres Acres Acres Acres 
- Dollars -
Investment: 
Pump and Motor 1,470 2,400 J,870 4,800 7,000 
Pipe, Mainline 512 1,452 1,964 2,904 3,900 
Pipe, Laterals l,2%8 2,112 311360 4,221.i 6,600 
Sprinklers 252 591* 846 1,188 1,650 
Risers 29 50 79 100 150 
Miscellaneous Items 50 100 150 200 JOO 
Total Investment 3,561 6,708 10,269 13,1t16 19,600 
Salvage Value b 356 671 1,027 1,342 1,960 
Average Annual Investment 1,958 3,689 5,61,i,8 7,379 10,780 
Annual Fixed Cost: 
Depreciation c 247 464 711 929 1,357 
Taxes ana Insurance 39 7% llJ 148 216 
Interest 117 221 339 1*'1.3 647 
Total -'!OJ 759 1,163 1,520 2,220 
8 Staff members of the Department of Agricultural Engineering, Oklahoma 
State University, provided technieal assistance in designing the irrigation 
systems. 
b Assumed to be 10 per cent of total investment. 
cA-.. -.·-Al d , t• total investment - salvage value 
ADB.._ eprec1a ion= 13 
d Interest on investment computed as six per cent of average annual 
investment. 
CHAPTER Ill 
RESULTS OF THE PROGRAMMING ANALYSIS 
This chapter centains the results of programming optimum farm plans 
for the six typical farm resource situations under alternative assumptions 
about livestock systems, rainfall cond_itions, and available water for 
irrigation. The livestock systems considered in this study were beef 
cow~alf, dairy, and feeder cattle. The beef cow-calf system was the 
basic enterprise used in analyzing results of irrigation for each of the 
six farm resource situations. A dairy system was included as a produe-
tion alternative on farm resource situations c, D, and E, and a comparison 
of the effects of dairy with beef cow systems upon responses of irrigation 
can be made only for these res_ource situations. The feeder cattle enter-
prise was programmed only on farm resource situation F for comparison 
with the cow-- calf system. 
Qotton, wheat, alfalfa, grain sorghum, and bermuda grass were crops 
included as irrigation alte:rnatives. The non-irrigated cropping alterna;... 
. ' 
tives included oats; grazed out small grain, and sudan grass grazing in 
·addition to the crops mentioned above. All crops considered as irrigated 
production alternatives entered into one or more of the final programmed 
farm organizations. 
32 
Programmed Land Uses 
Farms With Beef Cow-Calf Enterprises 
Generally, very little shifting of crops from upland to bottomland 
was attributable to changes in levels of irrigation for the farms with 
beef cow-calf enterprises (Tables VIII-XIII). Crops grown on upland 
under dryland conditions remained on these land classe4 as available 
irrigation water increased, farm size increased; or farm type varied. 
The major changes in land use as a result of alternative irrigation 
levels were between land classes 11 and L2• The relatively low pro-
ducing land classes 13 and 14 were used to produce feed grains, mainly 
utilized on the farms, and wheat. 
In general, the optimum level of irrigation for most crops was at 
the high level of water application. Even at very limited levels of 
water supply, it was more profitable to irrigate fewer acres at the 
highest level than to irrigate more acres at a lower level •.. Exceptions .... 
occurred when below average rainfall conditions were considered. In 
these situations, the optimum levels of irrigation for wheat and grain 
sorghum were at lower water application levels. 
33 
The second level of irrigation water available per farm provided more 
water than wa.s necessary to irrigate the cetten alhtment for all resource 
situations when the beef cow=calf enterprises were considered. There was 
also more water available than was required to irrigate all of land class 
11 except on resource si~uation F. This condition occurred because 
land class 11 constituted. more than half of the total irrigable la11d. On 
all other resource situations» the amount of 11 land was a relatively 
small portion of the total irrigable land. As the level of water for 
3'1 
TABLE VIII 
PROGRAMMED CROPLAND USES AND OPTIMUM LEVELS OF WATER USE PER ACRE BY 
FARM WATER LEVELS 9 FABM A-1, AVERAGE .AND BELOW AVERAGE BAINFALLa 
Optimum Levele 
Programmed Cro;eland 'Uses. _lAc.re.sJ .. ---•-
Average Rainfall Below Avera1e Rainfall 
Farm Water Levelsi 
b 
of Water Use 
Land Classes Per Acre I 2 3 4 1 2 3 4 
11 and 12 
Irrigated 
Cotton 13 0 10 10 10 0 10 10 10 
Alfalfa 13 0 l 6 18 0 0 0 18 
Wheat 12 0 0 0 0 0 2 5 0 
Wheat 13 0 l 10 10 0 0 5 10 
Grain Sorghum Il _Q. 0 _Q. 0 _Q ...,2. ll ~ ~ -
Total 0 12 26 38 0 12 38 38 
Non-Irrigated 
Cotton Io 10 0 0 0 10 0 0 0 
Alfalfa Io 2 0 0 0 1 2 0 0 
Wheat IO 10 9 0 0 0 0 0 0 
Grain Sorghum IO .!.! ll ll ..J1 ~ !!. _Q .J! 
Total 38 26 12 0 38 26 0 0 
13 and L4: 
Non-Irrigated 
Wheat IO 0 0 0 0 10 8 0 0 
Grain Sorghum IO 13 13 13 13 3 5 13 13 
Othere IO ll !2, ~ !2 ~ .!2. !2. li 
Tota.I 42 42 42 l.1:2 42 42 42 42 
8 Typical farms are defined by resource situation and type in 
Tables II and IV of Chapter II. 
bLa.nd classes are defined in Table I of Chapter II. 
0crop irrigation levels per acre are defined in Table V of Chapter II. 
~arm water levels are defined in Table VI of Chapter II. 
e!ncludes oats, small grain pasture, and idle cropland. 
TABLE IX 
PROGRAMMED CROPLAND USES AND .OP.rIMUM LEVELS OF WATER USE PER ACRE BY 
FARM WATER LEVELS, FARM B-1, AVERAGE AND BELOW AVERAGE DA.INFALLa 
Programmecrcropland Uses (Acres) · 
35 
b Land Classes 
Optimum LeTelc 
of Water Use 
Per Acre 
ATerage Rainfall BelowATerage Rainfall 
Farm Water Leveled 
1 2 3 4 1 2 3 4 
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Total 18 18 18 18 18 18 18 18 
8Typical farms are defined by resource situation and type in 
Tables II and IV of Chapter II. 
'hx.and classes are defined in Table I of Chapter II. 
cCrop irrigation levels per acre are defined in Table V of Chapter II. 
~arm water levels are defined in Table VI of Chapter II. 
elneludes oats, small grain pasture, and idle cropland. 
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TABLE X 
PROGRAMMED CROPLAND USES AND OPTIMUM LEVELS OF WATER USE. PED. ACRE BY 
FABM WATER LEVELS, FARM C-1, AVERAGE AND BELOW AVERA.GE RilNFALLa 
Programm.ed. Cro;eland·.Uses fAcresl 
Optimum Levelc Average Rainfall Below Average Rainfall 
Farm Water Levelsa b of Water Use Land Classes Per Acre 1 2 3 4 1 2 3 4 
11 and 12 
Irrigated 
Cotton 13 0 11 11 11 0 11 11 11 
Alfalfa 13 0 1 1 18 0 0 l 15 
Wheat 12 0 0 0 0 0 12 27 0 
Wheat 13 0 8 32 36 0 0 0 '. 36·:•' 
Grain SorghUlll 11 0 0 0 0 0 0 24 0 
Bermuda Grass 11 ~ ...!! .Jl _! 0 _Q 2 _l ....... -
Total 0 20 ""' 65 0 23 65 65 
Non-Irrigated 
Cotton IO 11 0 0 0 11 0 0 0 
Alfalfa IO 6 0 0 0 0 5 0 0 
Wheat lo 0 0 0 0 26 11! 0 0 
Grain Sorghum IO 39 45 21 0 28 23 0 0 
Othere IO _i 0 0 '.~ 0 =-2 .-2. ~ 0 """""' ==, ,.o,....c=, """"' ·;.~ 
Total 65 '15 21 "' 0 65 1&2 0 0 
13 and 14 
Non-Irrigated 
Wheat IO 36 28 ~ 0 10 U) 9 0 
Grain Sorghum IO 10 66 53 52 0 0 1 10 
Othere IO !ll ~ 126 ll! .ill ill m !ll = 
Total 183 183 183 183 183 1~3 183 183 
'1.rypical farms are defined by resource situation and type in 
Tables II and IV of Chapter II. 
bLand classes are defined in Table I of Chapter II. 
cCrop irrigation levels per acre are defined in Table V of Chapter II. 
~arm water levels are defined in Table VI of Chapter II. 
elncludes oats, small grain pasture, and idle cropland. 
TABLE XI 
PROGBAMMED CROPLAND USES AND OPfimJM LEVELS OF WATER USE PER ACRE BY 
F.ABM WATER LEVELS, FABM D,-1, AVERAGE .ANB BELOW AVEDA.GE RAINFALL& 
,··\ 
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c """'!" __ P_r_og,...r_a_mm...,..e ... d.... C ....r_o..,.p_l ... an ...d ... · _U..,.s .... e ... s........ lA_c ... r..,.·~ ... a.... l .... ·. . ....... _. 
Optimum Level Average Rainfall· Below Average Rainfall 
b Land Classes 
of Water Use Farm Water Leveled · 
Per Acre 1 2 3 4 1 2 3 4 
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8 Typieal farms are defined by resource situation and type in 
Tables II and IV of Chapter II. 
bLand classes are defined in Table I of Chapter II. 
eCrop irrigation levels per acre are defined in Table V of Chapter II. 
~arm water levels are defined in Table VI of Chapter II. 
e Includes oats 9 small grain pasture 9 and idle cropland. 
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TABLE.XII 
PROGRAMMED CROPLAND USES AND OPTIMUM LEVELS OF WATER USE PER ACRE BY 
FARM WATER LEVELS 9 FARM E-1 9 AVERAGE AND BELOW AVERAGE BAINFALLa 
{Acres} 
Optimum Level c 
Programmed Cro~land Uses 
Average Rainfall Below Average Rainfall 
of Water Use Farm Water Levelsa 
Land Classes b Per Acre l 2 3 '1 1 2 3 !:& 
11 and 12 
Irrigated 
Cotton 13 0 9 9 9 0 9 9 9 
Alfalfa 13 0 13 13 17 0 3 13 %8 
Wheat 12 0 0 0 0 0 31.i 29 0 
Wheat 13 0 12 51 86 0 0 10 55 
Grain Sorghum Il 0 0 0 0 0 l 34 0 
Grain Sorghum 12 ~ =2 ~ ~ __,! 0 .21 0 =- =-=, 
Total 0 34 73 112 0 47 112 112 
Non-Irrigated 
Cotton Io 9 0 0 0 9 0 0 0 
Alfalfa IO 13 55 0 0 0 0 0 0 
Wheat IO 67 23 16 0 27 27 0 0 
Grain Sorghum IO 20 0 23 0 76 38 0 0 
Othere I ~ =2 =2 =2 0 ~ =51 0 0 = = 
Total 112 78 39 0 112 65 0 0 
13 and 14 
No:n=Irrigated 
Wheat IO 19 19 19 0 59 25 ~7 31 
Grain Sorghum Io 0 0 0 19 · 0 0 0 0 
Othere Io 190 lli 190 !9Jl lli lli ill, 178 
Total 209 209 209 209 209 209 209 209 
aTypical farms are defined by re~ouree ~ituation and type in 
Tables II and IV of Chapter IL 
bLand classes are defined in Table I of Chapter IIo 
eCrop irrigation levels per acre are defined in Table V of Chapter II. 
~arm water levels are defined in Table VI of Chapter Ilo 
elncludes oats 9 small grain pastu~e 9 and idle croplando 
TABLE XIII 
PROGRAMMED CROPLAND USES AND OPl'IMUM LEVELS 6F WATER USE PER ACRE BY 
FABM WATER L~S, FABM F-1, AVERAGE AND BELOW AVERAGE RAINFALLa 
Prol!:anmied Croiland Uses {Acres} 
39 
Optimwn Levelc Average Rainfall Below Average Rainfall 
Farm Water Levelsff 
b 
of Water Use 
Land Classes Per Acre 1 2 3 4 1 2 3 4 
11 and L2 
Irrigated 
Cotton 13 0 26 26 26 0 26 26 26 
Alfalfa 13 0 55 126 129 0 4 l 128 
Wheat 12 0 0 0 0 0 29 5 0 
Wheat I3 0 11 38 147 0 0 129 1%7 
Grain Sorghum Il 0 0 0 0 0 125 127 0 
Forage Sorghum 13 __! 0 0 0 0 0 1 .--1. """""""' -- - ~ -- -
Total 0 92 190 302 0 18'1 289 302 
Non-Irrigated 
Cotton IO 26 0 0 0 26 0 0 0 
Wheat Io 150 139 112 0 150 118 13 0 
Grain Sorghum Io 126 ,,..l!, 0 .....J! 126 0 0 0 """"'""' = - ==- ---= 
Total 302 210 112 0 302 118 13 0 
13 and 14 
Non-Irrigated 
Wheat Io 159 159 159 162 159 162 162 162 
Grain Sorghum IO 0 0 0 73 0 0 0 0 
Othere Io ...12. .J.! ~ ~ ..:z§. ...ll =1.l -1l 
Total 235 235 235 235 235 235 235 235 
8 Typical farms are defined by resource situation and type in 
Tables II and IV of Chapter II. 
bLand classes are defined in Table I of Chapter II. 
eCrop irrigation levels per acre are defined in Table V of Chapter II. 
~arm water levels are defined in Table VI of Chapter II. 
e Includes oats, small grain pasture, and idle cropland. 
irrigation increasedy the number of acres 1rrigated also increased. At 
the high level of wateravailabilityl' all of the potentially irrigable 
land was irrigated on all farm types and resource situations. 
In general, cotton and alfalfa were the first crops to be irrigated 
under limited water supplie~. Alfalfa was first to be irrigated on 
farms where the farm use value of alfalfa was higher than the mark~t 
value. 1 For example~ the second level ef water on farm A=l (Table VIII) 
was used to irrigate six acres of cotton and one acre I.of alfalfa on L1 
land and four acres of cotton and one acre of wheat on 12 land. This 
indicated that the highest return to irrigation water was realized by 
irrigating one acre of alfalfa to be used in a beef cow=calf enterprise 
on the farm. Since another restriction limited the production of this 
livestock activity 9 cotton the next highest returning activity was 
irrigated on the remaining acres of 11 land. The 10 acre cotton allot= 
ment exceeded the remaining six acres ef 1 1 land 9 therefore the remaining 
four acres were irrigated on 12 land. The water supply was completely 
exhausted by irrigating one acre of wheat. 
The land use pattern change~, considerably as farm Slize increaSled. 
·'._,/: 
However\ it hi very difficult to pr0ject.changea1 in land use for alterna= 
tive farm water leveb and differing falt'lll sizeai from reaul ts of this 
study. The programmed land use on any particular farm depended upon the 
relative proportion of L1 and L2 landl a11 well as the baS1ic acreage allot= 
ments for cotton and wheat. 
1This occurred on farms As BP and C. Se~ Appendix Gp Table IP for 
a summary of alfalfa produced and sold. 
.Farm With Feeder Ca.ttle Enterprise 
A substantial difference in land µ.se occurred on farms F-1 and F-2 
which represent two different farm types on the same basic land resource 
situation (compare Tables XIII and XIV). For example, more total acres 
were irrigated at leveler 2 and 3 en farm F-2 than were irrigated at thea.e 
levels en farm F-1 under average rainfall conditions. AU potentiaUy 
irrigable land was irrigated at level i. on both farms. At irrigation 
level 3 under average rainfall conditions, 138 acres of wheat were irri-
gated en farm F-2 and enly 38 acre• were irrigated on farm F-1. Under 
the same conditions, 151 acres of alfalfa were irrigated on farm F=l and 
only five acres were irrigated on ':farm F""."2. .Although no bermuda was 
irrigated on farm F~l, up to 35 acres of bermuda were irrigated on farm 
F-2. As the level ()f irrigation was increased to level 4 9 81 acres of 
wheat were shifted from irrigated on 1 1 land to non=irrigated on 13 land. 
The wheat irrigated at water level 3 was replaced by irrigated alfal_fa 
at market price at water level 4. 
Jn general, there was very little shifting of crops b,tween upland 
and bettomland as water availability changed for the farm with the feeder 
cattle enterprise. The only shift that took place was wheat being replaced 
on bottemland by more alfalfa as the available water supply increased.. 
There were 33 acres of wheat on upland under farm irrigation level land 
159 acres at level '1. This shift did net occur "Q.Dder below average·rain-
fall. 
Farms With Dairy Enterprises 
Increasing the amount of water available for irrigation beyend the 
second level caused no shifts in land use between upland and bettomland 
TABLE XIV 
PROGRAMMED CROPLAND USES AND OPTIMUM LEVELS OF WATER USE PER ACRE BY 
FARM WATER LEVELS, FABM F-2, AVERAGE AND BELOW AVERA.GE BAINF.ALLa 




of Water Use 
Per Acre 
Average Rainfall BelowA.ve5age Rainfall 
Farm Water Levels 
l 2 3 4 1 2 3 ~-
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235 235 235 235 
8 Typieal farms are defined by resource situatio~ and type in 
Tables II and IV of Chapter II. 
bLand classes are defined in Table I of Chapter II. 
eCrop irrigation levels per acre are defined in Table V of Chapter II. 
~arm water level• are defined in Table VI of Chapter II. 
elncludes oats, sina.11 grain pasture 9 and idle cropland. 
on farms with dairy enterprises (Tables XV-XVII). The first increment 
of water resulted in a shift of all forage sorghWll from L3 and 14 upland 
to 11 and L2 irrigated bottomland. This shift occurred for each of the 
three resource situations and both rainfall conditions. The crops replacing 
forage sorghum on the upland were wheat from L2 to utilize the 13 land and 
miscellaneous crops on L4• 
Rainfall conditiens had some effect on the general land use pattern 
for these farms. More alfalfa was irrigated when average rainfall pre-
vailed and more wheat was irrigated when below average rainfall was 
assumed. As total water supply increased it was profitable to shift to a 
higher level of water application per acre of wheat when below average 
rainfall was assumed. For example 9 as water availability was increased 
:t;rom level 2 to level 3 on farm C=2, the. irrigated wheat enterpris.e 
shifted from 23 acres irrigated at 15 acre=inches per acre to 36 acres 
irrigated at 20 acre=inches per acre. Thus, increasing the farm water 
supply increased the acr~s irrigated as well as i~creasin.g the amount of 
' . 
water applied per acre. This shift in land use and water application 
occurred only when below average rainfall conditi,ns prevailed. 
Considerably more forage crops were produced and irrigated on(> 
resource situations C 9 D 9 and E ~ensidering a dairy enterprise, than on 
the same resource situations consid!ring alternative beef cow-calf enter= 
prises. For example, on resource situation E under average rainfall 
conditions» the farms including the beef cow=calf enterprises irrigated 
only 17 acres of forage and 86 acres ef wheat. The same resource situ&.= 
tion 9 with a dairy enterprise, irrigated 36 acres of ferage and 67 acrH 
of wheat. This comparhlon is made at irrigation level .i... In all cas•u• 9 
cotton was the most profitable crep considered for irrigatien. The 
TABLE XV 
PROGRAMMED CROPLAND USES AND OPTIMUM LEVELS OF WATER USE PER ACRE BY 
FARM WATER LEVELS 0 FABM C=2~ AVERAGE AND BELOW AVERA.GE lU.INFALLa 
b Land Classes 

























Programmed Cr~.nd Uses (Acres) 
Average Rainfall Below Average Rainfall 
Farm Water Levels« 
l 2 3 4 1 2 3 4 
0 11 11 11 
0 3 20 20 
0 0 0 0 
O O 3 26 
0 8 8 8 
==2 ==2 ==2, =2, 
0 22 42 65 
li O O O 
20 17 0 0 
3~ 26 23 O 
0 0 0 0 
0 0 0 0 
==== 
65 qJ 23 O 
2 10 10 10 
53 O O O 
11§, !ll ill !ll 
183 183 183 183 
0 11 11 
O l 6 
O O 23 
0 0 0 
0 8 8 
==2 ~ =1 
O 22 49 
11 0 0 
11 0 0 
36 26 3 
3 0 0 
=11! =11 =1l 















0 10 10 0 
61 0 0 0 
122 ill !ll 18} 
183 183 183 183 
a.Typical farms are defined by resource situation and type in 
Tables I I and IV of Chapte!" II. 
bLand classes are defined in Table I of Chapter !Io 
c Crop irrigation levels per aerie are defined in Table V of Chapter II. 
~arm water levels are defined in Table VI of Chapter II. 
TABLE XVI 
PROGIW1MED CROPLAND USES AND OPTIMUM LEVELS OF WATER USE PER ACRE BY 
F.ABM WATER LEVELS, FABM D-2, AVERAGE AND BELOW AVERAGE RAINFALLa 
Pro;raDDned Cro:eland Uses 'Acres} 
Optimum Level' Average Rainfall Below Average Rainfall 
Farm Water Levelsi b of Water Use Land Classes Per Acre l 2 3 4 l 2 3 ~ 
11 and 12 
Irrigated 
Cotton 13 0 7 7 7 0 7 7 7 
Alfalfa 13 0 39 89 90 0 39 68 81 
Wheat 12 0 0 0 0 0 0 33 0 
Wheat 13 0 0 0 58 0 0 0 69 
Forage Sorghum 13 .._..!!. ~ 8 8 ......Q -=2, =-1 6 """""""' = ~
Total 0 52 101' 163 0 53 115 163 
Non-Irriga;ted 
Cotton IO 7 0 0 0 7 0 0 0 
Alfalfa Io 20 53 1 0 17 22 0 0 
Wheat IO 69 58 58 0 69 69 36 0 
Forage Sorghum IO 42 0 0 0 43 0 0 0 
Othere IO ...!i _q 0 .......Q ..:£1.. -11 ...ll 0 - --= 
Total 163 111 59 0 163 110 48 0 
13 and 14 
.Non-Irrigated 
Wheat Io 0 11 11 11 0 0 0 0 
Forage Sorghum Io 0 0 0 0 11 0 0 0 
Other8 IO ..:n 62 62 ~ ~ =2l ...1l ...ll 
Total 73 73 73 73 73 73 73 73 
8 Typical farms are defined by resource situation awl type in 
Tables II and IV of Chapter II~ 
bLand classes are defined in Table I of Chapter II. 
'crop irrigation levels per acre are defined in Table V of Cb.apter II. 
~arm water levels are defb.e,d in Table VI of Chapter II. 
e . 
Includes oa~s, &lll&ll grain pasture, and idle cropland. 
TABLE XVII 
PROGRAMMED CROPLAND USES AND OPTIMVM LEVELS OF WATER USE PER ACRE BY 
FARM WATER LEVELS, FADM E-2, AVERAGE AND BELOW AVERAGE RAINFALL& 
Programmed Cropland Uses (Acres) 
46 
b Land Classes · 
Optimum Levelc 
of Water Use 
Per Acre 
Average Rainfall Below Average Rainfall 
Farm Water Levels4 
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8 Typical farms are defined by resource sit~tion and type in 
Tables lJ: and IV of Chapter II. 
b . 
Land classes are defined in Table I of Chapter II. 
eCrop irrigation levels per acre are defined in Table V of Chapter II. 
~arm water levels are defined in Table VI of Chapter II. 
8 Includes oats, small grain pasture, and idle cropland. 
entire cotton allotment was irrigated at the first irrigation level on 
L1 land. 
Programmed Livestock Numbera 
Increasing the quantity of water available for irrigation did not 
increase the number of cows included in the optimum farm organization 
for any resource situation (Table XVIII)o However, there were resource 
situations where cow number$ included in optilll1\lD1 farm organizations 
decreased as water availability increased considering average rainfall 
conditions. For example~ on farm C-1~ the first increment o:f water 
resulted in a decrease of three cows and a shifting of an additional three 
cows to an alternative fall calving cow-calf enterprise. This shift to 
an alternative cow=calf enterprise resulted from competition for spring 
labor between irrigated crops and a ~pring calving cow=calf enterprise. 
Farm E-1 is an example of a resource situation where the size of the 
cow herd remained the same at each level of water supplyo However, the 
size of the fall calving enterprise increased and spring calving decreased 
at higher levels of water availabilityo 
The resul tai obtained when C®IHlidering below average rainfall were 
somewhat differento Farm C=l showed an increase in the number of cows 
as water became more readily available 9 thusj) irrigation provided addi= 
tional forage to supplement the low producing rangeland during below 
average rainfall yeareo Even at the highe!!t level of irrigathnj) live= 
stock production was conlliderably below the dryland situation for average 
rainfall conditions. Although irrigated grazing activities were con= 
sidered in the programming tableau. 9 these activities were never included 
in any of the optimum farm planl!lo Thus~ the returns from irrigated grazing 
TABLE XVIII 
PROGRAMMED LIVESTOCK ENTERPRISES BY FARM WATER LEVELS AND FARM SIZE 
Fa.rm and 
Enterprise 
Farm A-1 c 
Cow=Calf 
Farm B-1 c Cow-Calf 















Farm F=l c 
Cow=Calfd. 
Cow=Ca.lf 
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6 6 6 6 
9 9 9 9 
14 15 16 18 
O O O O 
17 23 22 21 
16 16 22 15 
0 0 O 4 
19 23 20 17 
50 50 50 46 
0 0 0 4 
Cow=Unitsg UO 110 110 110 
Cow-Unit~g O O O O 
60 64 11 9 





69 69 69 69 
0 0 0 0 
139 137 164 149 
47 106 127 115 
O lr:8 1*6 46 
56 O O O 
67 84 111 121 
23 31 84 92 
!!I-Typical farms are defined by ll!"Ellliouree dtuation and type in 
Tables )[ I and IV of Chapter II o 
bFarm water levels are defined in Table VI of Chapter II. 
( Colt!tinued) 
TABLE XVIII (continued) 
eCalving in March, selling good-choice feeder calves October 1, off 
native range; non-creep feeding 9 winter ration of alfalfa -hay and range. 
dCalving in November, selling good-choice feeder calves July 20; 
non-creep feeding, winter ration of range 9 forage sorghum silage, and 
cottonseed cake. 
eFeeders purchased in October, wintered on small grain pasture with 
forage sorghum and cottonseed cake when off small grain; sold off grazed 
out small grain May 15. 
fFeeders purchased in April, grazed through summer on midland 
bermuda range; sold off midland bermuda range October 15. -
gCow-units are numbers of cows in herd that include a bull, replace= 
ment heifers, and calves during spring and summer. 
h Cow-units are number of dairy cows in herd that include a bull and 
replacement heifers. 
enterprises were low relative to other land using production alterna-
tives. 
;o 
Increasing water availability had no effect en the size of th«f :~iry 
herd under average rainfall conditions. However, the amount of water 
available for irrigation did effect the herd size aseuming belew average 
rainfall condition•. For example, on farms C-2 and D-2, the size of the 
dairy herd increased with the first level of irrigation and then decreased 
with increases in water availability to levels 2 and 3. This implies that 
water was more limiting than labor at the first level ef irrigation. As 
water became more readily available, additional acreages of irrigated 
crops yielding a greater return to labor replaced part of the dairy herd. 
Thus, when labor became the most limiting resource, irrigated crops 
reduced the numbe.r ef dairy cews included in the optimum farm organization. 
Irrigation had more effect on the number of feeder cattle in the 
optimum farm erganization than upen the size of the beef cew-calf enter-
prise. This occurred because the basic feed requirement of feeder cattle 
was alfalfa, sorghum, and other forage rather than grazing,native pasture. 
Since the f0rages utilized by feeder cattle were included as irrigated 
activities in the programming tableau, the number of feeder cattle in a 
final optimum farm organization were directly related to the availability 
of irrigation water~ 
Resource Requirements and Inceme 
Farms With Beef Cow...Calf Enterprises 
Tetal labor and capital requirement• and gress and net -farm income 
,;,: . .. ,,) 
51 
increased for all farms with beef cow=calf enterprises as -water supply 
per farm increased (Tables XIX-:XXIV). 
Labor and Non-Land Capital Investment. Family labor provided the 
additional labor required to irrigate far:ms A-1, B-1, and C-1 for all 
levels of irrigation and both rainfall conditions. The increase in 
family labor requirement for irrigation ranged from 330 hours to 811 
hours for average rainfall conditions and 395 hours to 865 hours for 
below average rainfall conditions (Tables XIX-:XXIV). 
Farms D-1, E-1, and F-1 required hired labor in addition to the 
family labor supply for one or more of the irrigation levels even though 
the total annual family labor supply was not completely utilized. This 
situation was apparent for both rainfall conditions. The increase in 
total labor requirement ranged from 64:1.i: hours on farm E-1 to 1,979 hours 
on farm F-1 for average rainfall conditions. Slightly more labor ·was 
required for below average rainfall conditions. 
The quantity of labor required per farm was directly related to 
farm size. That is, as farm size increased~ the total labor requirement 
as well as hired labor, increased. For example 1 the total labor required 
for farm A-1 was 707 hours with no hired labor required. However~ on 
farm F=l 9 the total labor required was 4 9 803 hour~ with 2 1 %31 hours of 
labor hired. 
Non-land capital requirements increased considerably for all farms 
in this group as quantities of ,m.ter per farm increasedo The largest 
incremental increase occurred from irrigation level 1 to irrigation 
level 2. Al though the percentage increa.ses in non-land capital requi;re-
ments were somewhat lower on the larger farms (resource situations E 
and F), the absolute increases on these farms were much greater. 
TABLE XIX 
PROGRAMMED RESOURCE REQUIREMENTS AND INCOME BY FARM WATER LEVELS, FABM A-1, 
AVERAGE AND BELOW AVERAGE RAINFALLa 
AveranJlainfall Below Average Rainfall 
Farm Water Levels& 
Item 1 2 3 4 1 2 3 
Total Water Used, Acre Feet 0 18.75 37.50 56.25 0 24.00 48.00 
Labor Required: 
Hired, Hours 0 0 0 0 0 0 0 
hmHy, Hours . -~' 377 489 603 707 253 501* 536 
Total, II.ours 377 489 603 707 253 504: 536 
Capital Required 9. Dollars 
c 
3,150 5,04:0 5,297 5,686 111995 3,680 1'-,285 
Gross Farm Income, Dollars d 3,241 4,730 5,465 6,365 1,921 3,687 4,663 
Net Farm Income, Dollars e 1, 767 2,138 2,393 2,595 948 l,4li9 1,902 
Changes in Net Farm Income: 
From No Irrigation, Dollars 0 371 626 828 6 501 954 
From Preceding Level of 
Irrigation, Dollars 0 371 255 202 0 501 453 
Marginal Returns Per Acre 
Foot of Water:f 
From No Irrigation, Dollars 0 19.79 16.69 14.72 0 20.88 19.88 
From Preceding Level of 
Irrigation, Dollars 0 19.79 13.60 10.77 0 20.88 18.88 
:Typiea.l farms are defined by reso11rce situ.ti on and type in Tables .II. and IV ef Chapter II. 
Farm water levels are defined in Table VI of Chapter II. 
:!ncludes all capital required except investment in land. 
;total value of all products produced on t~e,., farm. 
fReturns to land 9 family labor 9 risk 9 and management. 
















PROGRAMMED RESOURCE REQUIREMENTS AND INCOME BY FARM WATER LEVELS:1 FARM D-ls 
AVERA.GE AND BELOW A.V.EBAGE RAINF:ALLa 
&- Av®rage Rainf~!!~c --~~Below Average Rainfall 
Farm Water Levelsb 
Item 'M 1 --~=~2- 3 4 1 2 .~. 4 





Capital Required, Dollarsc 
d Gross Farm Income, Dollars 
Net Farm Income, Dollarse 
Changes in Net Farm Income: 
From No Irrigation, Dollars 
From Preceding Level of 
Irrigation, Dollars 
Marginal Returns Per Acre 
Foot of Water:f 
From No Irrigation, Dollars 















































































~ypical farms are defined by resource situation and type in Tables II and IV of Chapter II. 
·-Farm water levels are defined in Table VI of Chapter IIo 
:!ncludes all capital required except investment in land. 
""'"Total value of all products produced on the farm.. 
;Returns to land, frunily laber, risk 9 and management. 















PROGRAMMED RESOURCE REQUl~S AND INCOME BY.FABM WATJ:R LEVELS, FABM C-1, 
A\TJBAGE AND BELOW AVERA.GE RAINFALL& 
Averatt Bain:fall Below·Average Rainfall 
Farm Water Levels6 
Item l __ 2 J It ' r 2 3 
Total Water Usedp Acre Feet 0 30.10 60.20 90.30 0 38.92 77-84 
Labor Required: 
Hired, Hours 0 0 0 0 0 0 0 
Fa11.Uy, Ho11H .. · = tj, 19027 1,507 1.,581 1,772 418 851 882 
Total, Hours lp027 1,507 1,581 1,772 418 851 882 
Capital llequired, Dollars c 8,ltlt2 10,81'2 11,lt58 12,027 4,080 7,261t 8,065 
Gross FarJQ Income, Dollars d 6,91J:6 8,915 9,750 11,120 3,320 5,588 7,080 
Net Farm Income, Dollars 3,506 3,890 l.i,250 l.i,565 1,71'5 2,270 2,996 
Changes in Net Farm Income: 
From No Irrigation, Dollars 0 381' 744 1,059 0 525 1,251 
From Preceding Level of 
Irrigation, _Dollars 0 381t 360 315 0 525 726 
Marginal ReturnsfPer Acre 
Foot of Water: · 
From No Irrigation, Dollars .• t) 12.76 12.36 11.73 0 13.49 16.67 
From Preceding Level of 
Irrigation, Dollars 0 12.76 11.96 10.47 0 13.49 18.65 
~ypical farms are defined by resource situation and type in Tables II and IV of Chapter II. 
--Farm water levels are defined in Table VI of Chapter II. 
:!ncludes all capital required except investment in land. 
-irotal value of all products produced on the farm. 
:Returns to land, family labor, riskp and management. 
















PROGRAMMED RESOURCE REQUIBEMENTS AND INCOME BY FABM WATER LEVELS, FAm! D=l, 
AVERAGE AND BELOW .AVERAGE BA.INFALLa 
°Average Rainfall Below.Average Rainfall 
Farm Water Levelai 
Item l 2 3 ·It, l . 2 J 
Total Water U~ed. 9 Acre Feet 0 76.00 152.00 228.00 0 98.58 197.16 
Labor Required: 
Hired 9 Hour& 0 0 70 283 0 0 26 
"?U!iljr; Bot1.X"lil 1,06'% lp42.frt l981.a9 19955 7J9 '111285 1 9 824- ·. 
Total 9 Ho'Ql!.l!'~ 1901*~ l1142!J. 19919 211238 739 1 ,285 19850 
Capital Req'Ql!.i~~d 9 Dollar~ 
e 8,570 169306 179963 199385 59735 139670 159778 
Gross Farm Income 9 Dollar~ 
d 
9 9 1JO 1J 9 282 179705 20,210 59348 109600 13,630 
Net Farm Incomep Dollar~ e 59563 511795 6981*6 7,620 29702 3,970 5,367 
Change~ illl!Net Farm Income: 
From No Irrigation 9 Dollar~ 0 232 19283 211051 0 1,268 2~665 
From Preceding Level of 
Irrigation9 Dollar~ 0 2J2 lp051 771t. 0 19263 ls396 
Marginal Returns Per Acre 
Foot of Wate:r:f 
From Ne lrrigation 9 Dollars 0 J.05 8.41' 9.02 0 12.86 13.52 
Prom Preceding Level of 
Irrigations Dollar~ 0 3.0; 13.83 10.18 0 12.86 a.17 
~ypieal fal'IIW are defined by resource ~ituation and type in Tables II and IV of Chapter II. 
J!'arm water levels are defined in Table VI of Chapter II. 
c ~neludea all capital 1'equired except investment in land. 
--irotal value of all products predueed on the :farm. 
~tu.ms to landgc :family laboJ" 9 risk 11 and management. 
















PROGRAMMED RESOURCE REQUIREMik~S ANU INCOME BY FARM WA'fER LE'wELS, FARM E=l 9 
AVERAGE ANl) BELOW AVERAGE RAINFALLa 
Average Rainfall Below Averag~ Rai~;faD~e=-
=· . Farm Water Levelsb -- = 
= Item ==r 2 3 4 ~- 1 2 3 4:= 
Total Water Used 9 Acre Feet 0 ~9o25 98050 147,75 0 67042 134084 202026 
Labor R®quired: 
Hh~~d i HtY!llri!; 92 127 290 434 0 0 0 168 
Fam.Hy 9 Ho"Vl.r!i 1,676 1,703 1 9 892 1~978 19070 1 9 358 ls773 19866 
Total, Hours l 9 768 li/830 29182 2 9 ql2 19 070 liJ358 ly77J 2~034 
Capital Requiredil Dollar~ c 209190 24,425 25 9 133 259860 129920 V.1: 9 575 18 9 290 19;,350 
Gross Farm Income 9 Dollar~ 
d 13/1<71 16il 115 17s525 19il050 9))-'!70 10.405 13 9 1:i:02 159500 
Not Farm Income 9 Dollars 
e 
89075 8))355 89835 99270 li:i/737 5 9 040 6~222 6il635 
Changes in Net Farm Income~ 
From No Irrigation~ Dollar$ 0 280 760 11>195 0 303 11>485 1,898 
From Preceding Level of 
Irrigation 9 Dollars 0 280 480 1*35 0 303 19182 413 
Marginal Returns Per Acre 
Foot of \vater:f 
From No Irrigationl> Dollar$ 0 5.69 7o71 8012 0 4o49 11.01 9o38 
From Preceding Level of 
Irrigation~ Dollars 0 5.69 9o75 8083 0 '1.1*9 17.53 6.13 
=-= ~ -~~= =-e:;:-. ·=--= ~~= ~;.~~.: 
:Typical farm~ are defin6d by re$ource ~ituation and type in TableB II and IV of Chapter II. 
Farm water level~ ar® defin®d in Table VI of Chapte~ II. 
::nclud1s all capital reitrJuir~d except investment in la:nd 0 
fotal alue of all product$ produced on the fanno 
:Return to land 9 family labor 9 risk 9 and managemento 




PROGRAMMED RESOURCE REQUIREMENTS AND INCOME BY FABM WATER LEVELS, FABM F-1, 
AVERA.GE AND BELOW AVERAGE RAINFALLa 
Average Rajnfall 
Farm Water Levels6 
Below Average Rainfall 
Item l 2 3 4 1 2 3 
Total Water Used, Acre Feet 0 lli0.16 280.32 420.48 0 181.75 363.50 
Labor Required: 
Hired 9 How."si .\62 1,108 111885 2/i3l 0 915 lpl76 
Family, Hours 29362 29094 2l1153 29372 2,034 29043 2,236 
Total 9 Hours 2,82~ 3,202 4,038 l.!:,803 2,034 2,958 391,i,12 
Capital Required, Dollars c 30,010 l.i:3,000 45,81.i:5 %7,775 2311790 30,295 33,160 
Gross Farm Income, Dollars d 26,955 35,360 l:l2,875 47!>020 17,585 27,058 31,307 
Net Farm Income, Dollars e 16,190 16,850 18,323 19,600 9ll050 ll l1379 13,337 
Changes in Net Farm Income: 
From No Irrigation, Dollars 0 660 2,133 3,410 0 29328 4,387 
From Preceding Level of 
Irrigation, Dollars 0 660 111473 1,277 0 2,328 111958 
Marginal Returns Per Acre 
Foot of Watex:':f 
From No Irrigation, Dollars 0 4.71 7.61 8.11 0 12.81 12.59 
From Preceding Level of 
Irrigation, Dollars 0 ~.71 10.51 9.11 0 12.81 10.77 
:Typical farms are defined by resource situation and type in Tables II and IV of Chapter II. 
Farm water levels are defined in Table VI of Chapter II. 
:Includes all capital required except investment in lando 
Total value of all products produced on the farm. 
~®turns to land 9 family labor 9 risk 9 and management. 
Marginal r~turn~ to water~ family labori risk~ and nmnagement associated with irrigation. 
4, 
545.25 












The non-land eapital requirement• on farm A-1 increased from $3,150 
for irrigation level 1 te $5,686 fer irriga.tien level 4. The capital 
requirements for irrigation level 2 were $5,0%0 (Table XIX). Thus, the 
largest increase in capital requiremeats occurred as irrigation was first 
58 
introduced, reflecting the investment in the irrigation equipment. There-
after, only slight increases were observed as irrigation levels 3 and 4 
were added. The largest percentage increase in capital requiremeate was 
126 per cent on farm D-1 with an absolute increase of $10,815. However, 
the largest absolute increase oeeurred on farm F-1 where an increase of 
$17,765 occurred (59 per cent greater than the non-irrigated level). 
Levels of Income. Net returns increased with each additional incre-
ment of water fer all farms and rainfall conditions (Tables XIX-XXIV). 2 
However, the increase in net returns from the preceding water level for 
the second and third increments of water was less than the first increment 
on farms A-1, B-1, and C-1 fer average rainfall and on farms A-1, B-1, 
and P-1 fer below average rainfall. Fer example, on farm A:-1 (Table XIX), 
the first increment ef water added $371 to net income. Then, as second 
and third increments were added, the increase in net returns from the 
preceding level drepped to $255 and $202; respectively. The same general 
relation held for below average rainfall cenditions en this farm. 
This relationship did not exist fer farms 1)...1, E=-1, and F=l fer 
average rainfall and farms C-1, J>....l, and E-1 for below average rainfall. 
On these farms, the increase in net returns was greater for the second 
increment of water than for the first level. Then the net returns declined 
2water delivery costs from source of supply to farm were not included 
in the programming models. 
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for· the third level. For example, on farm D=l (Table .XXII), the increase 
in net returns from irrigation level l to irrigation level 2 was $232. 
With the addition of irrigation level 3 9 net returns increased by $1 9 051 
over the previous level. The addition of irrigation level 4 increased 
net returns by $774. On these farms the second and third increments of 
water were worth more than the first because of the inefficient use of 
the irrigation equipment at irrigation level 2. 
The marginal returns per acre foot of water from the preceding irriga= 
tion level declined with each additional increment of water for only 
three of the six farms in this group. For the remaining three farms, the 
marginal returns per acre foot of water from the preceding level increased 
as the second increment of water was added and decreased as the third 
increment was added. On these farms 9 the second increment was worth more 
than the first because of the inefficient use of irrigation equipment at 
farm water level 2. Since the irrigation system for a particular resource 
situation was designed to efficiently irrigate all its irrigable land at 
level 3 9 the fixed cost per acre was extremely high for the relatively 
small number of acres irrigated at level 2. 
However 9 when the total fixed costs of the irrigation equipment w~r~ 
not considered 9 the :marginal returns per acre foot of water from the pre= 
ceding farm water level declined with increases in water availability. 3 
This condition occurred for all resource situations with beef cow=calf 
enterprises. 
3The total fixed costs of irrigation equipment were subtracted from 
the programmed results which included these items. Marginal returns per 
acre foot of water from the preceding level are presented in Appendix G9 
Table II. 
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The land resource situations of the six typical farms were defined 
to permit a comparison of the effects on net farm income of alternative 
combinations of bottomland cropland and total cropland. Thus 9 it was 
possible to evaluate the relative magnitude of the change in returns due 
to scale relationships as compared to changes in the amount of bottomland 
cropland. This comparison is made under dryland conditions only and 
excludes all comparisons with alternative farm water levels. 
·Generally, increasing acres of bottomland had a greater impact on 
net returns than did other increases in farm size. The results were 
similar for both rainfall conditions. ~y comparing the net returns of 
farmA-1 with farm B-1, it was possible to evaluate the effect of inereas= 
ing bottomland by 121* per cent with total cropland remaining nearly con-
stant. For average rainfall, the increase in net returns associated with 
this land resource change is 78 per cent, and for below average rainfall, 
% the increase in net returns is 72 per eent. However, by comparing 
farm B-1 with farm C-1, it was possible to evaluate the effects of increas-
ing farm size while keeping acres of bottomland nearly constant. '.The 
increase in net returns associated with a 119 per cent increase in farm 
size waa·~y seven and 11 per cent for below average and average rain-
fall conditions, respectivelyo Comparisons similar to those above are 
difficult to make for farms E=l and l=l since all factors such as crop= 
land, rangeland, and bottomla.nd increase simultaneously. 
Farm With Feeder Cattle Enterprise 
Total labor and capital requill;'ements and gross and net farm income 
~et returns to land 9 family labor 9 risk 9 and management. 
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increased for farm F=2 as the water supply increased (Table XXV). Although 
net farm income increased as more water became available 1 it increased at 
a decreasing rate. Marginal returns per acre foot of ~,ater from the pre= 
ceding level decreased as additional water became available. 
J,abor and Non-Land Capital Investment. This farm type, which included 
alternative feeder enterprises as production activities hired a major por= 
tion of the labor required for irrigation. The total labor requirements 
for irrigation level 4 with average rainfall conditions were 5»lq6 hours. 
This was 2,580 hours greater than the non-irrigated plan and required 
2»249 hours of hired labor. 
Non-land capital requirements increased $12,115 under average rain-
fall conditions and $23,5~5 when below average rainfall conditions pre= 
vailed. 
Comparing farm F=l (Table XXIV) with farm F=2 (Table XXV) provided an 
opportunity to analyze the effect of changes in farm type on resource 
requirements and income. The labor requirements and non=land capital 
requirements are somewhat higher on farm F=2 than on farm F=l. For 
example, the capital requirements were $47 2775 on farm F=l and $56 9 625 on 
farm F=2 assuming farm water level~ and average rainfall conditions. 
Levels of Income. Net farm income incr~ased and marginal r~turns 
per acre foot of water fram the preceding level decreased on farm F=2 a~ 
farm irrigation levels increased. Net farm income increased from $17,500 
for the non=irrigated plan to $22~211 for the irrigated program at level~ 
for average rainfall conditions. With the same conditions prevailing~ the 
marginal ~eturns per acre foot of water from the preceding level decreased 
from $14.32 when the first increment was added to $8.06 when the third 
increment was added. 
TABLE llV 
PROGRAMMED RESOURCE REQUIREMENTS AND INCOME BY FABM WATER LEVELS, FA.BM F-2 9 
AVERA.GE AND BELOW AVERA.GE RAINF.ALL8 . 
Average Rainfall 
Farm Water Leveisi> 
.Below Average Bainfall 
Item I 2 3 ,. 1 2· 3 
Total Water Used 9 Acre Feet 0 137.25 274.50 '111. 75 0 179.25 358.50 
Labor Required: 
Hired» Hours 1*99 19215 1,998 2971*8 136 820 ls9'4:3 
Family 9 Hours 2,067 2,300 29398 2,398 19922 21)173 29398 
Total 9 Hours 29566 311515 49396 59114,6 2,058 21)993 4,3/d 
Capital Required 9 Dollars 
c lj,411510 5011570 55,265 56,625 26,125 37,515 lj,5,405 
d Gross Farm Income, Dollars· 50,675 66,260 769880 81931;&6 29,655 .l&l /51*5 59,012 
Net Farm Income, Dollars e 179500 199465 21,105 22,~Hl 10,505 129512 15,377 
Changes in Net Farm Income: 
From No Irrigation, Dollar~ 0 19965 3,605 4,711 0 2,007 4,872 
From Preceding Level of 
Irrigation, Dollars 0 1,965 1,6%0 1,106 0 2,007 2,865 
Marginal Returns Per.Acre 
Foot of Water:f 
From No Irrigation, Dollars 0 1'*.32 13.13 11.%4 0 11.20 13.60 
From Preceding Level of 
Irrigation 9 Dollars 0 a.32 11.95 8.06 0 11.20 15.98 
~ypieal farms al"e defined by resource. si tu.a.tion and type in Tables ·:u ,· and IV of Chapter II. 
-:rarm water levels are defined in Table VI of Chapter II. 
:Includes all capital required except investment in land. 
Total value of all products produced on the farm. 
~eturns to land 11 family labor, risk, and :management. 















Parms With Dairy Enterprises 
Total labor and capital requirements and gress and net farm income 
increased for the three farms with dairy enterprises as the water sapply 
was increased (Tables XXVI-XXVlII). 
Labor and Hon-Land Capital Ipvestment. The resource situation of 
these farms was the same as farms C-1, D-1, and E-1. Considerable dif-
ferences were noted on the source of additional labor when a dairy enter= 
prise was substituted for the beef cow-calf enterprises on resource situa= 
tions C, D, and E. On the dairy farms, all or nearly all of the family 
labor supply was utilized before irrigation was considered as a production 
alternative. Thus, mach greater demand was placed on hired labor for the 
dairy farms than was experienced on the same reseurce situations where 
beef cow-calf enterprises were considered. For example, the available 
family labor supply on farm D-2 was utilized at farm water level 1 and 
36~ hours of hired labor were required. The increase in hired labor as 
a result of maximum irrigation, ranged from 2~6 hours on farm C-2 with 
average rainfall conditions to 1,303 hours on farm ~2 with below average 
rainfall conditions. 
The capital and labor re,uirements were·much higher an reHurce 
situations with a dairy enterprise than on comparable resource situations 
with a beef cow-calf enterprise. For example 9 assuming below average 
rainfall 9 the capital requirements at irrigation level~ were $8,855 for 
farm C=l and $20, 750 for farm C...;2. Likewise 9 the tetal 'iab.or require= 
ments were 1,080 hours and 2,~76 hours for farms C=l and C=2, respectively. 
Levels of Income. Net farm income increased on all farms in this 
grottp as the quantity of water per farm increased. The marginal returns 
per acre foot of water from the preceding level decreased as water 
,,;-~· 
TABLE XXVI 
PROGRAMMED RESOURCE REQUIREMENTS AND INCOME BY FARM WATER LEVELS, FARM C-2, 
AVERAGE AND BELOW AVERAGE RA.INFALLa 
Average Rainfall Below Average Rainfall 
Farm Water Levels 0 
Item 1 2 3 4 1 2 ~ 4 





Capital Required~ Dollarsc 
d Gross Farm Income 9 Dollars 
e Net Farm Income, Dollars 
Changes in Net Farm Income: 
From No Irrigation, Dollars 
From Preceding Level of 
Irrigation, Dollars 
Marginal Returns Per Acre 
Foot of Water:f 
From No Irrigation, Dollarll! 




































































:Typical farms are defined by resource situation and type in Tables II and IV of Chapter II. 
Farm water levels are defined in Table VI of Chapter II. 
:Includes all capital required except investment in land\, 
Total value of all products produced on the farm. 
;Returns to land~ family laborll risk 9 and mana~ement, 














PROGRAMMED RESOURCE REQUIREMENTS AND INCOME BY F.ABM WATER LEVELS, FA.BM D-2, 
AVERAGE AND BELOW AVERAGE RA.INFALLa 
Average Rainfall Below Average Rainfall 
Farm Water Levels 0 
Item l 2 3 4 l 2 =1. 4 
Total Water Used 9 Acre Feet 0 75.58 151.16 226.74: 0 97.25 194.50 291.75 
Labor Requ.ired: 
Hired 9 Hours 364 883 1,243 lp508 154 7%3 870 1,039 
Family, Hours 2,398 2,398 2,398 2,398 2,228 2,203 2. 305 2,372 > 
Total, Hours 2,762 3,281 3,6.U 3,906 2,382 2,946 3,175 3,411 
Capital Required, Dollar~ c 20,190 28,076 28,908 30,500 17,795 27,820 26,875 26,500 
Gross Farm Income, Dollars d 12,990 19,903 23,355 25/555 9,85-'l 17,720 20,655 22,785 
Net Farm Income, Dollars e 4,947 5,855 6,683 7,295 3,090 l.l,206 5,469 6,308 
Changes in Net Farm Income: 
From No Irrigation, Dollars 0 908 1,736 2,348 0 1,116 2,379 3/218 
From Preceding Level of 
Irrigation, Dollars 0 908 828 612 0 1,116 1,263 839 
Marginal Returns Per Acre 
Foot of Water:f 
From No Irrigation, Dollars 0 12.01 11.48 10.36 0 11.48 12.23 11.03 
From Preceding Level of 
Irrigation, Dollars 0 12.01 10.96 8.10 0 11.48 13.00 8.63 
~ypical farms are defined by resource situation and type in Tables II and IV of Chapter II. 
arm water levels are defined in Table VI of Chapter II. 
~neludes all capital required except investment in land. 
otal value of all products produced on the farm. 
~eturns to land 9 family labor 9 risk 9 and management. 




PROGRAMMED RESOURCE REQUIREMENTS AND INCOME BY FARM WATER LEVELS, FARM E-2, 
AVERAGE AND BELOW AVERAGE RAINFALLa 
Average Rainfall Below_ Average Rainfall 
Farm Water Levels& 
Item 1 2 3 4 1 .2 3 
Total Water Used, Acre Feet 0 49.83 99.66 149.49 0 61.50 123.00 
Labor Required: 
Hired 9 Hours 4 p 1111 49372 49708 49970 111164 1,898 2,151 
Family., Hours 29398 2,398 29398 2,398 2,398 2,398 2,398 
Total, Hours 6,512 6,770 7,106 7,368 3,562 -4,296 4,549 
Capital Required, Dollars e 69,310 72,015 73,050 73,650 38,390 1,t,6,215 46,370 
Gross Farm Income, Dollars d 4:1,345 41,935 43,285 4.!J:,655 20,660 26,565 27,870 
Net Farm Income, Dollars e 9/l80 9,555 91)915 109290 5,170 69450 7,095 
Changes in Net Farm Income: 
From No Irrigation, Dollar~ " 75 435 810 0 1,280 1,925 v 
From Preceding Level of 
Irrigation, Dollars 0 75 360 375 0 1,280 645 
Marginal ReturnsfPer Acre 
Foot of Water: 
From No Irrigation, Dollars 0 1.51 4.36 5.42 0 20.81 15.65 
From Preceding Level of 
Irrigation, Dollars f\ 1.51 7.22 7.53 0 20.81 10.Z.9 v 
:Typical farms a~e defin@d
0
by r~source situation and type in Tables II and IV of Chapter II. 
Farm water level~ a:r.e d.eflned 1n Table VI of Chapter II. 
~ncludes all capital ~equired except investment in land. 
-Total value of all products produced on the farm. 
iReturn.s to land 9 family labor 9 risk 9 and management. 
















availability increased on farms C-2 and D-2 when average rainfall condi-
tions prevailed and on farm E-2 for below average rainfall conditions. 
Net farm income increased considerably as acres of bottomland increased 
(compare Table XX.VI to XXVII) for both rai•fall conditions. However, 
expanding the farm by increasing upland cropland resulted in a decrease 
in net income (compare Table XXVII to XXVIII). 
Resource situations C9 D, and E were programmed with dairy as the 
main livestock enterprise and with a beef cow-calf system as the main 
livestock enterprise. Net farm income was higher on the dairy farms for 
resource situations C and E. However, the beef cow-calf enterprise eom= 
bined with the cropping activities generated more net farm income than 
occurred on the dairy-crop farms of resource situation D (compare 
Tables XXI-.XX.III to XXVI-l.VIII). 
CHAPTER IV 
INTERPRETATION AND APPLICATION OF RESULTS 
The programming results discussed in Chapter III indicate that 
supplemental irrigation can significantly increase the income from 
farming in Roger Mills County. However 1 the availability of a water 
supply adequate to meet the programmed water requirements is extremely 
crucial to the attainment of these increases in income associated with 
irrigation. 
The purposes of this chapter are to discuss the programming results 
of the 10 typical farms as these results apply in the aggregate and pre~ 
sent alternative hypothesis concerning farmer reluctance to the adoption 
of irrigation. 
Aggregate Water Requirements 
This study was limited to a population of 150 farmers in Roger Mill~ 
County. This population was defined as «1farm uni ts within the Washita 
River Basin of Roger Mills County operating bottomland11 • From this 
population 9 a random sample of 65 farmers were surveyed to obtain basic 
resource data and other information necessary f~r developing the pro= 
gramming analysis. This analysis was performed on 10 typical farms with 
alternative assumptions concerning rainfall conditions and water avail-
ability.1 
1The definitions and assumptions underlying the programming analysis 
are presented in Chapter II. 
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The prograrmned water requirements of each of the typical farms pro-
vided the basis for extrapolating the total water requirements o~ all 
farms considered in this study. In order to make this extrapolation, it 
was necessary to.determine the number of farms in each farm size and type 
2 group for the entire population (Table XXIX). The total water require-
ments of each typical farm were determined at farm water levels 2""'4 for 
average and below average rainfall (Tables XXIX and XXX). For example, 
the total water requirements for the 23 farms in the population of farm 
type A-1 at farm water level~ were 1,292 acre-feet assuming average rain= 
fall conditions and 19 656 acre-feet when below average rainfall conditions 
prevailed. 
The aggregate water requirements for the 150 farms in the population 
are the summation of the total water requirements for the 10 typical 
farms (Tables XXIX and XXX). Assuming average weather conditions, 
26,306 acre-feet of water were required to irrigate the 18,905 acres of 
bottomland in the study. That is~ an average of l.~ acre-feet of water 
per acre were required under average rainfall conditions to satisfy the 
equilibrium condition:3 
MVP wl = MVPw2 = • • • "" MVP w6 = MCw. 
Assuming below average rainfall, the quantity of water required to 
irrigate the 18,905 acres of irrigable land was 3%,117 aere-feet. Thus 9 
2This extrapolation was made on the asswnption that the n:wnber of 
farms in each farm size and type group of the population was the same 
proportion of the total farms as existed in the sample between a farm 
size and type group and the sample total. 
~. refers to the marginal value product of water in the pro= 
duction of1the i~ product and MC represents the marginal cost of the 
last unit of water. w 
TABLE XXIX 
AGGREGATE ANNUAL IRRIGATION WATER REQUIREMENTS FOR THE POPULATION OF FARMS OPERATING 
BOTTOMLAND IN THE WASHITA RIVER BA.SIN OF ROGER MILLS COUNTY BY FARM WATER LEVELS 
FOR AVERAGE RAINFALL CONDITIONS 
Farm Water Levels 
Jj 
Number of 2 4 
Farm Size Farmlil in Acres Water Acres Water Acres 
and Type 
a, 
Population Irrigated Required Irrigated Required Irrigated 
(Acre=Feet) (Acre=Feet). 
A=l 23 276 447 598 855 874 
B=l 25 650 l 1035 19425 29060 29125 
C=l 12 240 358 528 718 780 
C=2 16 352 472 672 940 1,040 
D=l 21 191*28 1,601 211520 3,202 3,423 
D=2 7 364 526 728 1,063 1,141 
E=l 16 544 792 1,168 li1572 1,792 
E=2 7 238 349 504 696 784 
F=l 18 1,656 2,512 3,li20 5,037 5,436 
F=2 ~ 200 687 1~042 1.371 1!1:po 















aA description of farm size and type groups is presented in Tables II and IV of Chapter II. 




AGGREGATE ANNUAL IRRIGATION WATER REQUIREMENTS FOR THE POPULATION OF FARMS OPERATING 
BOTTOMLAND IN THE WASHITA RIVER BASIN OF ROGER MILLS COUNTY BY FARM WATER LEVELS 
FOR BELOW AVERAGE RAINFALL CONDITIONS 
=== --.:-0 Farm Water Levels 
==' 
Number of 2 3 q 
Farm Size Farms in Acres Water Acres Water Acres 
and Type a Population Iririgated Re uired Irri ated Re uired Irri ated 
Acre=Feet Acre=Feet 
A=l 23 276- ;3r,·· 871.l 19091 874 
B=l 25 750 19327 2,125 29658 29125 
C=l 12 276 455 780 927 780 
C=2 16 352 603 784 19188 1,040 
D=l 21 19995 29072 3p021:t: ·. 4\<J.;~8· 3,423 
D=2 7 371 682 805 19360 1,141 
E=l 16 752 1,083 19792 2,157 1,792 
E=2 7 429 273 609 863 784 
F=l 18 3,312 3,266 59202 6,537 5,1.J:36 
F=2 =2 902 775 18420 1.793 19510 















aA description of farm size and type groups is presented in Tables II and IV of Chapter II. 




approximately 1.8 acre-feet of water per acre were required to satisfy 
the above equilibrium condition assuming below average rainfall. This 
is approximately 30 per cent greater than the total water required under 
average rainfall conditions. 
The difference in water requirements at farm water level 4 between 
average and below average rainfall was the result of irrigation water 
substituted for a reduction in natural precipitation. The same amount 
of bottomland was irrigated at farm water level 4 under both rainfall 
conditions. However 9 the difference in water requirements at farm water 
levels 2 and 3 between the two weather conditions was explained by two 
factors. One factor was the result of irrigation water substituted for 
a reduction in natural precipitation. A second factor was that more 
acres of bottomland were irrigated at farm water levels 2 and 3 when 
below average rainfall years prevailed as compared to average rainfall 
years, 
Assuming average rainfall conditions, a 33 per cent reduction in 
water availability resulted in a 33 per cent reduction in acres irrigated 
~ . 
(farm water level 4 to 3). However 9 when a 33 per cent reduction in 
water availability occurred when below average rainfall prevailed, the 
result was an eight per cent reduction in acres irrigated (from water 
level 4 to 3). This difference in acres irrigated between the two 
weather conditions can be explained by a difference in the most pro-
fitable level of water application per acre for the irrigated crops.~ 
All crops were irrigated at level 13 for all levels of water availability 
assuming average rainfall co~ditions. Thus 9 a given percentage reduction 
4crop water levels are defined in Table V of Chapter II. 
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in water availability resulted in an equal percentage reduction in acres 
irrigated. However, a reduction in water availability assuming below 
average rainfall caused the mo~t profitable level of water application 
per acre on some crops to shift to a lower levelo 5 Thi1 shifting to a 
lower level of water application permitted more bottomland to be irri-
gated with a given amount of watero 
Historical weather data for Roger Mills County indicate that 
natural precipitation would be adequate for optimum plant growth approxi= 
ma.tely two years out of every 10. In the remaining eight years there 
would be~ (1) two years when irrigation would be required to supplement 
below average rainfall to achieve optimum plant growth and (2) six years 
when irrigation would be required to supplement average rainfall to 
achieve optimwn plaltllt growth" 'l'lm.s 9 the expected aggregate water require= 
ments for a 10 year period would be 226 9 070 acre=feet to irrigate the 
18~905 acres of bottomland analyzed in this ~tudy at farm water level 4. 
Supply of Water 
There are two potential ll!lo1!lirces of water for irrigation in Roger 
Mills County~ (1) water :stolr'!fld in stin:rnture~ dewl!!lliOped in aHociatiollll 
with the upstream flood protection p1°ogram 9 and (2) gro'i!:im.d watero The 
f iirst source includes both si~diment pooh and flood pooh of the $'il;lMll.C= 
tureso However 9 the flood pool $torag~ hi po~dbl<e O!O!ly if ~dminhtrative 
arrangements permit, Inf Ol.MI!Bl,tio!lll Wfi! XAot avaih,ble for eiliStim1Ati:ng the 
effect of upstream wa.ter~hed development '6.1!.pon ground water iiupply. Thu~~ 
5Wheat and grain 111orghwn were fr~queimtly irrigated at I 1 for fa.:rm 
water level 4 and shifted to 12 a~ water availability w&s r~~~ced to farm 
water level 3o 
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the magnitude of the effect of seepage from structures as a possible 
recharge of underground water supplies was excluded in estimates of irri-
gation water supply created by the watershed development program. 
There were 143 floodwater retarding structures planned for the 
Washita River Basin of Roger Mills Countyo These structures had an 
aggregate sediment pool storage capacity of 43 9783 acre-feet of water 
(Table XXXI). However, evaporation and seepage losses would reduce con= 
siderably the proportion of this water that actually would be delivered 
to farms for irrigationo Research conducted by Arnold on the Boggy Creek 
Watershed assumed that approximately 46 per cent of the water stored in 
structures is lost through evaporation. 6 Assuming that an· evaporation 
loss of 46 per cent occurred from structures in Roger Mills County 9 
there would be 23j643 acre=feet of water 9 net of evaporation~ available 
for irrigation from the combined sediment pool storage of all floodwater 
retarding structures in Roger Mills County. Since this rate of evapora= 
tion is on an annual basis 9 it is reasonable to expect that this 
evaporation loss would be reduced somewhat if water was used for irriga-
tion throughout the year rather tha.n remaining in the sediment pool. In 
addition 9 irrigation losses incurred through seepage from sediment pools 
and conveyance ditches nm.st also be considered when estimating water 
availability at the farm. 
Studies conducted by irrigation engineers throughout the United 
States indicate that losses from conveyance ditches ranged from five to 
50 per cent per mile of the initial quantity of water diverted. 7 Data 
6Adlai F. Arnold 9 g0Potential Economic Effects of Upstream Flood Con= 
trol and Irrigation Developmenti Boggy Creek Watershed 9 Oklahoma 00 (unpu.b. 
Ph.D. dissertation 9 Oklahoma Stat~ University 9 1962) 9 po 890 
7Evan E. Houk 9 Irriga.tio!Dl Enginf!erin_g_ 9 Vol. l (Ne1'! York 9 1951) ~ p, 392 o 
TABLE XXXI 
DESIGNED SEDIMENT POOL SUBFACE AREA AND STORAGE CAPACITY 
FOR THE TEN WATERSHEDS OF THE WASHITA RIVER BASIN 





Structures Surface Area Storage=Capacity 
(Acres) (Acre=Feet) 
Broken Leg 2 76 684 
Dead Indian 8 346 69619 
'ltlhi te Shield 20 136 769 
Upper Washita 32 2$llJ:4 18?333 
Quartermaster 38 790 69060 
Nine Mile 11 225 19 897 
Big Kiowa 4 151 19107 
Sargent Major 2 77 962 
Sandstone 24 702 69312 
Beaver Dam ==1 117 J.i,040 
Total 1%3 49 764: 439783 
a These data were obtained from the Watershed Work Plan~ prep~red by 
the Soil Conservation Service 9 United Statea Department of Agriculture. 
were not available to estimate losses in transporting water from structure 
to field for Roger Mills County. Thus, it was impossible to estimate the 
effect of distance between structure and bottomland on irrigation effi= 
. 8 c1ency. 
The total water required to irrigate all bottomland included in this 
study at farm water level 4 was 26,306 acre-feet assuming average weather 
conditions and 34,117 acre-feet assuming below average rainfall (Tables 
XXIX and XXX). Assuming a water supply of 43s783 acre-feet~ the water 
losses would have to be less than 40 per cent to permit irrigation of all 
bottomland at farm water level 4 under average rainfall conditions and 
less than 22 per cent if all bottomland is to be irrigated when below 
average rainfall conditions prevail, 
Economic Interpretation of Programmed 
Increments to Net Income 
The theoretical principle underlying this study pertained to the 
allocation of water to typical ftu::m resource situations assuming profit 
maximization as the goal. This principle assigns priori"t,y for the use 
of water to those alternatives yielding highest marginal returns per 
unit of water added. The increases in net income determined by the pro= 
gramniing analysis were graphed to illustrate the use of the marginal 
principle in water allocation among typical farm sizes and types 
(Figures 4 and 5).9 
8Irrigation efficiency is the percentage of water released from a 
structure that reaches the farm. 
9The data used in developing the curves in Figures 4 and 5 are pre= 
sented in Appendix G, Table II. These data are exclusive of fixed cost 
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Figure 4. Marginal Returns Per Acre=Foot of Water and Acre-Feet of Water Used for Farms Operating 
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Figure 5o Marginal R~turn~ Per Aere=Foot of Water and Aere=Feet of Water U~ed for Farms Operating 
BottomlaBd by Fann Siz~ ~nd Type and Farm Water L~vel for Below Average Rainfall Conditions. ...J 
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The curves in Figures 4 and 5 were developed by arranging all pro-
grammed marginal returns to water per acre-foot in descending order of 
magnitude for cumulative increases in total water used. The horizontal 
segments of each curve represent the marginal value product of water for 
a given resource situation 1 farm typej and farm water level for average 
and below average rainfall. 16 In general, the linear segments provide an 
empirical approximation to a continuous curve sloping downward and to the 
right. When the water supply is relatively limited 9 the higher value 
crops tend to be irrigated on the best land. As water availability in-
creases 1 higher water using 9 lower value crops were irrigated, thus 
bringing about the decreasing marginal value product for water. This 
arrangement of marginal value products of water depicted how any given 
supply of water was allocated among farms in order to obtain maximum net 
income to the area. 
The values graphically depicted in Figures 4 and 5 represent the 
maximum price a farmer can afford to pay for a given quantity of water 
available at the farm since water delivery costs were not included in 
the programming analysis. Assuming average weather conditions 9 the 
cost of developing and delivering water to the farm would have to be 
less than $7.25 per acre=foot before it would be profitable to irrigate 
the entire 18 9 905-acres of bottomland analyzed in this study at farm 
water level 4 (Figure 4). When below average rainfall condition~ prevail~ 
the development and delivery costs would have to be le~s than $5062 per 
10 The symbols describing each segment of the curves in Figures~ 
and 5 refer to the resource situation 9 farm type 9 and farm water level. 
Fer example 9 A=l2 refers to r11Hiource situ.at ion A9 farm type l 9 and farm 
water level 2o These variables are defined in Chapter II. 
80 
acre=foot for profitable development and delivery of the 34 1 117 acre-feet 
required to irrigate all bottomland at farm water level~ (Figure 5). 
As the cost of developing and delivering the water to the farm 
increases, the quantity of water profitable to use decreases. For 
example, if the development and delivery cost increases to $18 per acre= 
foot, the profit maximizing level of water use decreases considerably. 
For average rainfall conditions, it was profitable to irrigate only 68 248 
acres requiring 8 1 779 acre=feet of water. All farms would have sufficient 
water to irrigate at farm water level 2. This would provide water for 
irrigation of the entire cotton allotment 8 alfalfa having a marginal 
value in use greater than the market price and a portion of the wheat 
allotment. For below average rainfall 9 it would be profitable to irri= 
gate 7,~65 acres which would require 11,093 acre=feet of water. This 
provides enough 1\f&ter for all farms except farm E=l to irrigate at farm 
water level 2 and farms D=2, E=2, and F-2 to irrigate at farm water 
level 3. 
The above discussion assumes that development costs on all farms 
were equal. However 9 it is conceivable that development and delivery 
costs could differ from one farm to the next depending upon location and 
equipment available. It then becomes neces~ary for costs and returns to 
be compared for each farm situation. The profit maximizing level of 
irrigation would be determined on each farm. The average returns per 
acre-foot of water at the profit maximizing level would then be the 
criterion upon which to base the allocation of a limited supply of water 
to the area. Economic allocation of resources would suggest that farms 
with the highest average return receive first priority. 
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Aggregate Increases in Income 
The magnitude of this annual increase in agricultural income in 
Roger Mills County attributable to irrigation is dependent upon rainfall 
conditions, available water supply 9 and the degree to which farmers 
owning and/or operating potentially irrigable land adopt irrigation. 
The annual increase in net income to the agricultural sector of 
Roger Mills County attributable to irrigation was $254,667 and $406 9 911 
assuming average and below average rainfall, respectively (Table XIXII). 
This assumes that an adequate supply of water was available to irrigate 
at farm water level 4 and that all potentially irrigable land was irri= 
gated. Reducing the quantity of water available for irrigation had a 
greater impact on net returns during average rainfall years than during 
below average rainfall years. For e:xample 9 when water availability was 
decreased from farm water level 4 to farm water level 3 (33 per cent 
decrease) 9 the aggregate increase in income was reduced 20 per cent for 
below average rainfall years and 33 per cent for average rainfall years. 
Similar results occurred for other water level comparison~. 
The number of farmers adopting irrigation would also have a signi-
ficant effect on the magnitude of the aggregate increase in income. 
Assuming that the number of farmers adopting irrigation was 100 rather 
than 150 1 the resulting increase in income would be $166 9 269 and $270 9 192 
for average and below average rainfall 9 respectively. This compares to 
$25~,667 and $~06,911 increases in income when all bottomland was irri-
gated. 
TABLE .XXXII 
AGGREGATE .ANNUAL INCREASE IN INCOME FROM PROGRAMMED DRYLAND CONDITIONS TO IRRIGATION LEVELS SPECIFIED 9 
FOR THE POPULATION OF FARMS OPERATING BOTTOMLAND IN THE WASHITA RIVER BASIN OF 
ROGER MILLS COUNTY BY FARM WATER LEVELS FOR AVERAGE AND BELOW 
AVERAGE RAINFALL CONDITIONSa 
Number of Average Rainfall Below Average Rainfall 
Farm Size Farms in Farin Water Le~elsc 
And Typeb Population 2 3 4 2 3 q 
= Dollars = 
A=l 23 8,533 lli,398 19,044 11,523 21,942 25,0'17 
B=l 25 13,900 27,250 38,325 25,425 50,750 58,625 
C=l 12 4,608 8,928 12,708 6,300 15,012 18,684 
C=2 16 6,Ji8o 11,840 15,232 1'1,800 24,640 28,960 
D=l 21 ~,872 26,943 43,197 26,628 55,965 73,878 
D=2 7 6;356 12il52 16/,36 7,812 16,653 22,526 
E=l 16 4,480 12,160 19,120 4,848 23,760 30,368 
E=2 7 525 3,01*5 5,670 8,960 13,475 16,751 
F=l 18 11,880 38,39li 61,380 41,904 78,966 100,512 
F=2 =2. 9.825 181022 228555 10 1 0i5 241260 Jl1260 
Total 150 71,457 173,135 254,667 117 ,936 325,523 406,911 
3 Representa increase in income from dryland condition to farm water level specified. 
bA description of farm size and type groups is presented in Tables II and IV of Chapter II. 
cFarm water levels are defined in Table VI of Chapter Ilo 00 
II:) 
Adjustment Problems Associated With 
the Adoption of Irrigation 
Capital Requirements 
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The development of and transition to irrigation agriculture requires 
additional resource inputs as well as a reallocation of the present 
resourceso Capital is a resource of special concern in this respect. 
Although detailed information was not obtained concerning the capital 
position of farmers in the survey in Roger Milh County~ a large pro= 
portion of the far.1w~rg in the survey in.dicat,ed that th.~y would have to 
borrow part or all of th~ capital nece~s~ry to develop and integrate 
irrigation farming into their present farm organization. Thus 9 the 
quantity of capital required relative to the farmers equity position 
becomes an importa:ri;I; consideration in :formu.lating irrigation dechionsio 
The nmgnitude of the increase in capital requirements from the pro= 
grammed dK"yl~nd fa.rm orga.nizationiB i;;o alterna:Uve farm irrigation hveh 
varies by farm ~iz~ and type 9 rainfall conditions 9 and acres of bottom= 
land (Table XXXIII). 
Farm type had a sign.if icant effect, on th~ iw:::r~ase in non=l~rid 
eapi tal requiremie:nts as farm wate;r leivds increa8ed. In gen@r,al 9 c83!pit~l 
requirements increased more on farms with a dairy enterprise than tho~e 
farms with a beef eow=ca.lf enterprise on the same Jr~s:gurce ad tuation. 
This occurred only when below average rainfall ~,a~ assumedo For ®Xample 9 
capital requirements increa~ed $1 9 655 for the first i~crement of water 
applied mt faEm E=l. When the fh"Bt inex·ement of water was added tt0 
farm E=2 9 the capital requirements increa:i;led $7 9 825. However 9 a.Huming 














PROGRAMMED CAPITAL REQUIREMENTS BY FARM SIZE AND TYPE AND FABM IRRIGATION LEVELS 
FOR AVERAGE AND BELOW AVERAGE RAINFALL CONDITIONS 
Average BainfaU 
Farm Water Levels& 
Below Average Rainfall 
l 2 3 4 l 2 3 
3,150 5, 01'0 5,297 5,686 1,995 3,680 . 4,285 
4,494 8,556 8,989 9,950 3,280 7,380 8,.\05 
8,1•42 10,842 11,458 12,027 4,080 7,26.\ 8,065 
19,985 21,871* 22,016 22,605 16,284 22,139 20,822 
8,570 16,306 17,963 19,385 5,735 i3,670 15,778 
20,190 28,076 28,908 J0,500 17,795 27,820 26,875 
20,190 24,425 25,133 25,860 12,920 14,575 18,290 
69,310 72,015 73,050 73,650 38,390 1.j6,215 46,J70 
30,010 ltJ,000 45,845 47,775 2J,790 J0,295 33,160 
44,510 50,570 55,265 56,625 26,125 37,515 45,405 
aA description of farm size and type groups is pres-ented in Tables lI and IV of Chapter II • 














the beef cow=calf farms than on the dairy or feeder farms on comparable 
resource situations. Since only bottomland was considered irrigable in 
this study, there w~s a greater increase in non=land capital requirements 
when acres of bottomland increased than was noted when acres of cropland 
increased. 
An implied assumption of the programming analysis is perfect knmv= 
ledge about input=output coefficients 9 irrigation requirements 9 prices~ 
decision maker 0s objective, and managerial ability of the decision maker. 
Hence~ the programming results presented in Chapter III are based on 
perfect knowledge of these factors. Whether or not these results could 
be attained by the individual farmer depends upon his ability to achieve 
the efficiency inherently asswned in a profit maximizingj static linear 
programming framework. Perfect knowledge about necessary factors of pro= 
duction implie~ a riskless production situation. Howeverp the Great 
Plainij is a high risk agricultural producing region. Risk aversion 
results in farmers restricting the amount of capital invested in their 
operations to a level less than that which is most profitable under a 
perfect knowledge situation. 
There appears to be 11 reluctance on the part of Roger Mills County 
farmers to invest in irrigation equipmento One basic problem is the 
additional capital required to purchase the necessary equipment for 
irrigation. Suppose these farmers are wmwilling to invest the capital 
they have accumulated over time in irrigation equipment. By so doing 9 
these farmers are placing an internal restriction on capital investment 
in irrigation equipment in order to avert the risk associated with debts 
against their operation. 
Farme,:irs generally are a:ware that the rate of risk is directly 
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related to the amount of capital invested. Ka.lecki indicates that there 
are two reasons for the marginal risk to increase as the amount of capital 
invesrted in1creases. 11 These reasons are: (1) the greater the investment 
of an entrepreneur by use of borrowed funds 9 the more his own capital is 
endangered in the event ef unsuccessful busineH, and (2) the danger of 
illiquidity as the size of investment increases. 
Both of these factors are important in explaining why farmers may 
hesitate in connnitting the capital neceHary for an irrigation unit. The 
first factor points out that as a farmer intensifies or expands his opera= 
tions by use of borrowed capital~ the chance of losing his accwmilated 
capital in.creases. The results of this study indicate that irrigation is 
profitable for farmers operating bottomlando However 9 the~e results were 
obtained under conditions of perfect knowledge about the level of water 
availability. In general 9 farmers in this area are reluctant to either 
invest their owa capital or borrow the capital necessary to purchase 
irrigation equipment without more definite knowledge about the availability 
of an adequate lffl.ter supply during prolonged periad~ of drought when irri= 
gation is most urgent. The actual quantity of water available in the 
structures for a~y given year i~ very difficult to predicto In addition 9 
the ~tat~w of the water rights to this water 1$ uncertain. Altho~gh 
ground water i~ a potential source of water for ir~igation~ the extent 
of thi~ supply hi unknown. Therefore~· the uncertainty that farmers face 
concerning the availability of irrigation water i~ a po$sible cause for 
the reluctance oD the part of farmer~ to make the investment6 necessary 
11M. Kalecki j 00Principleii of Increadng Risk~\ Economics. 9 New Serie!!! 
(1937)~ p. 4:420 
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to adju~t from dryland to irrigated fax,ning on part of their farm unit1. 
Labor Requirements 
The increased labor required for irrigation is another factor that 
will greatly influence the adoption of irrigation farming in Roger Mills 
County. Although an adequate annual family labor ~upply exists on mo~t 
farms in the County 9 irrigation uses large amounts of ~easonal labor. 
Since timing of applica-tion is very important in attaining maximwn pro= 
fits from irrigation 9 a dependable labor supply i~ necessary. 
The magnitude of the increase in labor requirements from programmed 
dryland organizations to alternative farm irrigation levels depend~ on 
farm size and type 9 acres of bottomland 9 and rainfall conditions (Table 
(Table XX.XIV). For example 9 the increase on farm A=l from dryland to the 
first irrigation level was 112 hours for average rainfall conditions. For 
below average rainfall the increase was 253 hours. The same number of 
acres w~re irrigated for both rainfall conditions. The inclusion of a 
buy=~ell enterpri1e into the basic farm organization re~ulted in the 
greatest incr~ase in labor requireme~t8 from the dryland optimwn organiza= 
tion to any one of the thre~ alternative irrigation levels for both 
weather corAditions. The greatest increase wa.s 3 9 059 hours" Thh o«:ecurired 
between dryland and farm water level 4 for below average rainf~ll con= 
dition~. 
Age of P'arm Operator~ 
The age of farmers operating bottomland in Roger Mill~ Couuty will 
likely be an influential factor in the adoption of irrigation. Re~ult~ 
of the ~urvey taken in Roger :Mills Cou.lllty indicated that the average age 















PROGRAMMED TOTAL LABOR REQUIREMENTS BY FARM SIZE AND TYPE .AND FARM Um.IGATION LEVELS 
FOR AVERAGE AND BELOW AVERAGE RAINFALL CONDITIONS 
Avera;e Rainfall 
Farm Water Levels6 
Below Avera;e Rainfall 
l 2 3 4 l 2 3 
377 489 603 707 253 504 536 
523 764 19102 11334 404 700 l 9019 
19027 19507 19581 19772 418 851 882 
2,690 2j)7!J:5 29792 29957 2iil41 29385 2/:1:16 
1,041,1: 19424 19919 2,238 739 19285 1,850 
2,762 3,281 39641 3,906 29382 2,946 39175 
19768 1,830 2,182 2 /1:12 19070 19358 1,773 
6,512 69770 79106 7,368 3,562 .li:,296 4,51,1:9 
2,824 3,202 49038 49803 2 9 O}!.i: 211958 3,'112 
29566 3,515 %9396 5,146 2,058 2,993 4,3!J.l 
aA description of farm size and type groups is presented in Tables II and IV of Chapter II. 















operators, it is reasonable to assume that the planning horizon of these 
farmers is considerably shorter than the time necessary to recover the 
fixed investment in an irrigation system. In general, farmers in this 
age group are not planning to make long run capital investments in their 
farming operations, but rather they are accunmlating capital for their 
retirement. Thus, extensive investment in a long run capital asset such 
as irrigation equipment appears fairly remote when considering farmers 
60 years of age with a relatively short planning horizon. 
CHAPTER V 
SUMMARY AND CONCLUSIONS 
Water stored in upstream reaches of a watershed or river basin is 
potentially beneficial to the immediate area surrounding the storage 
facility as well as downstream locations, The value of water available 
in a particular area depends upon the returns from potential usea, The 
potential value of 1vater in upstream uses represents the opportunity cost 
of ui!llin.g this water downstream. That is 9 water used in downstream loca= 
tions at the expense of upstream users represent~ a loss of income to the 
upstream uaiers. Thereforie 9 the use value of water in a:n upstream area 
such as Roger Mills County has a strong economic impact on any decision 
·t,o t:ran11Jfer water to d.o-wn~tream uses, If water is to make a contribution 
to the watershed or river basin equal to what 1vlll.ter contributes from the 
upstream use alonfi 1 the returns to wateir in its downstream uiie must be 
at least equal to the lo1s of income to the upstream user plus the cost 
in its present use. 
This study is concerned with appraising and evaluating the potential 
value of water for irrigation in Roger Mills County, The specific objec= 
tives are~ (1) to determine the amount of farm land in the area of study 
with physical and economic potential for irrigation 9 (2) to determine the 
value of water used to irrigate c:rrops and pastures for (a) alternative 
crop sysi;.ems and varying leveh of water availability 9 (b) alternative 
fa.rm resource situatious 9 and (c) alternative systems of farming ,.,.ithin a 
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given reso1!ll"ce •ituationi (J) to estimate the optimwn. allocation of alter= 
native level• of available water among crops and farms in the area; and 
(4) to apprai•e the awailability of water for irrigation relative to pro= 
grammed demands for water. 
This study was cond~cted in Boger Mill~ Cowity in Western Oklahoma 
and was limited to a pop~lation of 150 farmer~. This population was 
defined as ~farm units within the Washita River Ba~in of Roger Mills 
County operating bottomland~. From the populatio~ of 150 farm 1m.its 9 
three resource strata were defined representing (1) small cropland and 
small rangeland 9 (2) large cropland and small rangeland; and (3) large 
cropland and larg~ rangeland. A s~rvey of a random sample of 65 farm 
llllits from the population was conducted to obtain basic resource data 
and other information necessary for developing the programming analysis. 
Each of the original three resource strata were clas~ified into two sub= 
strata on the ba~i~ ~f acre~ of bottomland. In addition 9 two different 
f&l'Ul types were included o~ four of the re1ouree strata resulting in 
10 typical farm~ for th~ programming analy~is. 
The 150 f&l"Dls in the Washita River Basin of Rog~r Mills County 
ope~ating bottomland had a total of 18 9905 ~creffl of land which wa.~ 
potentially irrigable. Thi~ bottomland Wll!.S subdivided into two pro= 
ductivity cla~8e~ (L1 and L2) to improve th~ accuracy of the analy~is. 
Linear programming wtlP.m u~ed to determine the profit maximizing 
alloc&ti~n ef water amd @ther re~ource$ and corre~pon~i~g fa:irm organiza= 
tion. Thre~ rainfall condition~ w~re defin®d on the basi~ of hi~torieal 
rainfall data for Roger Mill~ CoWl'Aty for 191~=1960 . .Enterpri~e budgets 
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were developed for all dryland and irrigated crops and the programming 
analysis was performed assuming average and below average rainfall con-
ditions. The above average rainfall condition was excluded from the pro-
gramming analysis on the basis of preliminary results which indicated 
that the cost of adding the water was greater than the added returns. 
Four alternative programs were analyzed for each strata. The first series 
of programs were without irrigation as an alternative. This provided the 
benchmark for measuring the value of irrigation for each of three farm 
water levels. 
Land Use and Livestock Numbers 
Generally, there was very little shifting of crops from upland to 
bottomland attributable to changes in levels of irrigation. The only 
shifts that did occur between upland and bottomland occurred with the 
first increment of water. There were no significant changes in this 
result as farm size increased or farm type varied with both average and 
below average rainfall conditions. 
Most crops were irrigated at the high level of water application per 
acre even though lower application levels w.ere included in the programming 
model. Even at very limited water supplies, it was more profitable to 
irrigate fewer acres at the highest level than to irrigate more acres at 
a lower level. Exceptions occurred when below average rainfall conditions 
were considered. 
Considerably more forage crops were produced and irrigated on resource 
situations C, D, and E con$idering a dairy enterprise than on the same 
resource situation considering beef cow=calf enterprises. The additien 
of a feeder enterprise on resource situation F resulted in a substantial 
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increase in acres irrigated at farm water levels 2 and 3 as compared to 
the same resource situation with beef cow-calf enterprises. 
Increasing the quantity of water available for irrigation did not 
increase the number of beef cows included in the optimum farm organiza-
tion assuming average rainfall conditions. However, there were certain 
resource situations where the number of beef cows decreased as water 
availability increased. There were instances when below average rainfall 
conditions were assumed that beef cow numbers increased as water avail-
ability increased. Dairy and beef feeders showed a greater response to 
water availability than did the beef cow=calf enterprises. Competition 
for labor between livestock enterprises and irrigation resulted in a 
decrease in programmed livestock numbers as water availability increased. 
Resource Requirements and Income 
Total labor and capital requirements and gross and net farm income 
increased for all farm sizes 1 farm types 9 and rainfall conditions as 
water supply per farm increased. 
Family labor was adequate at all irrigation levels for resource 
situations A8 B» and C for both rainfall conditions when eow=ealf enter= 
prises were considered. Hired labor was required for all other farm 
types at one or more farm water lev®ls. The farms with dairy required 
more hired labor than any other farm type. 
Marginal returns per acre-foot of water from the preceding level of 
irrigation generally declined with increases in water availability. For 
some situations 9 the second increment was worth more than the first 
because of the inefficient use of irrigation equipment at level one. The 
:marginal returns per acre~foot of water at the highest level of irrigation 
increased as farm size increased for some resource situations assuming 
below average rainfall conditions. 
The profitability of developing an irrigation water supply adequate 
to irrigate at farm water level 4 depended upon the farm resource situa-
tion, farm type, and rainfall condition. The net marginal value products 
of irrigation water for the last acre-foot applied was $5.62 and $7,25 
per acre-foot for below average and average rainfall conditions, respec-
tively. The total water required to irrigate the 18,905 acres of bottom-
land analyzed in this study at the highest farm water level was 26,306 
acre-feet and 34,117 acre-feet, assuming average and below average rain-
fall conditions, respectively. The above net marginal value product of 
water assuming average rainfall is somewhat higher than the net marginal 
value product of water assuming below average rainfall because a consider-
ably larger water supply was required for irrigation during below average 
rainfall years. 
When average rainfall conditions prevailed, the cost of delivering 
irrigation water to the farm would have to range between $7.25 and $10.77 
per acre-foot for all farm types analyzed to profitably irrigate at farm 
water level q. Assuming below average rainfall conditions, the delivery 
costs would have to range between $5.62 and $8.65 per acre-foot. The net 
marginal products derived in this study do not include a charge for family 
labor. 
Irrigation Potential in Roger Mills County 
The results of this study indicated that irrigation can significantly 
increase the income from farming in Roger Mills County. The annual 
increase in net income to the agricultural sector of Roger Mills County 
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attributable to irrigation was $254,667 and $%06,911, a••um.ing average 
and below average rainfall conditions, respectively. However, the avail-
ability of a water supply adequate to meet the prograrmned water require-
ments is extremely crucial to the attainment of these increases in income 
a•sociated with irrigation. 
There were 143 floodwater retarding etructure• planned for the 
Washita River Basin of Roger Mills County. These structures were 
designed with an aggregate sediment pool storage capacity of 4J,78J 
acre-feet of water. However, irrigation losses incurred through evapora-
tion and seepage from sediment pools and conveyance ditches would reduce 
this supply of water considerably before the water reaches the land to 
be irrigated. If the designed storage capacity is to provide a water 
supply adequate to irrigate all bottomland at farm. water level 4, the 
irrigation losses due to evaporation and seepage would have to be less 
than 40 per cent for average rainfall conditions and less than 22 per cent 
for below average rainfall conditions. Any increase in irrigation losses 
beyond these limits would decrease the amount of water available to the 
farms below the quantity necessary to irrigate all bottomland at irriga-
tion level~. Thu•» there would be a smaller ann11&l increase in net 
income to the agricultural sector of Roger Mille County attributed to 
irrigation. 
Ueefulneee of the Results 
The progra~ing analysis of this study was developed from input-
output coefficients, prices and costs, resource situations, technology 
factors, and other restraints applicable to Roger Mills County conditlons. 
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These factor• make the resulta of thi• 1tudy directly applicable only to 
Roger Mills County. 
The results of this study indicate that irrigation can significantly 
increase the income from farming in Roger Milla County. The estimates of 
the value of irrigation water derived in this study are useful for several 
purposes. First, the programmed marginal value products of water can be 
used by farmers as a guide for planning the development of and transition 
to irrigation farming. Secondly, these estimates provide watershed 
planners with a basis for estimating the value of providing additional 
storage for irrigation on floodwater retarding structures. Thirdly, 
these estimates are useful to upstream users in appraising the value of 
water stored in the local area. 
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APPENDIX A, TABLE I 
ASSUMED PRICES RECEIVED AS USED IN PROGRAMMING ANAI,YSISa 









Alf a.lf a Hay 
Cattle: 
Good Feeders !March) 
Good Feeders May) 






Cull Cows July. 



















































a.Prices are weighted average of 1961 prices. These prices are 
assumed to reflect as nearly as possible current prices. 
APPENDIX A, TABLE II 
ASSUMED PRICES PAID AS USED IN PROGRAMMING ANALYSIS . . . I . ·. 
Item 
Seed and Feed: a 




Grain Sorghum Seed (Hybrid) 
Forage Sorghum Seed · 











Cotton Ginning and Wrapping 
Cotton Defoliation 























































8 Prices paid for small grains are current market price plus a charge 
for cleaning, treating, and hauling seed in addition to a slight handling 
charge. 
APPENDIX B 
LAND PRODUCTIVITY CLASSES AND ASSUMED YIELDS 
The survey of watershed farmers in Roger Mills County provided a 
detailed description of land resources on each farm. This description 
included acres of cropland and non-cropland distributed between bottom-
land and upland. The legal description of each farm was obtained from 
the Roger Mills County Agricultural Stabilization and Conservation Officeo 
A complete breakdo'lrn. of all soil uni ts in the study area was obtained from 
the Soil Conservation Service Office. These soil units were combined 
into classes having relatively equal productivity as measured by long-
time yields and comparable physical characteristics. The final classif-
ication is defined in Table I, Chapter II. 
After the productivity classes were defined, it was necessary to 
determine the number of acres of each productivity class included in the 
total land resources of each farm. Using the legal description of each 
farm and the detailed soils survey maps, the acres of each soil unit were 
measured for 1*0 of the 65 farms that were surveyed. The soil units on 
each farm were aggregated according to the definitions of the seven pro-
ductivity classes. This aggregation provided t,he breakdown of land 
classes in Table III of Chapter II. 
Crop yields were developed for each soil unit in connection with the 
detailed soil survey, Thus, the crop yields for each productivity class 
represents a weighted average of the yield of each soil unit in a given 
productivity class. The estimated yields of L1 and 12 land used in the 
programming analysis are presented in Table I of this Appendix. 
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APPENDIX B, TABLE I 
ESTIMATED TIELDS FOR SELECTED CROPS ON LAND CUSSES L1 AND L2 WITH AVEBAGE 
AND BELOW AVERA.GE RAINFALL, BY LEVELS OF IRRIGATION (PIR ACBEt 
Crop and Levels Average Rainfall Below Average Rainfall· 
of Irrigation Unit 11 Land L2.Land L1 Land· L2 Land 
Cotton 
Io lbs. lint 290 257 207 184 
I1 " 490 430 490 430 
I2 UV 620 550 620 550 
13 
u, 725 650 725 650 
Wheat 
Io bu. 22.00 18.00 14.00 11.00 
11 
II 29.00 24.00 29.00 24.00 
12 " 36.00 32.00 36.00 32.00 
13 
OJ 41.00 37.00 41.00 37.00 
Alfalfa 
Io ton 2.60 2.00 1.90 1.40 
11 " 4.30 3.20 4.30 3.20 
I2 av 5,50 4.20 5.50 4.20 ' 
13 UV 6.40 5.00 6.40 5.00 
Grain Sorghum 
Io cwt. 21.00 16.50 13.30 10.50 
11 " 36.00 29.25 36.00 29.25 
I2 if 39.50 31.75 . 39. 50 31. 75 
I3 II 41.00 33.00 u.oo 33.00 
Forage Sorghum 
Io ton 2.80 2.20 1.80 1.40 
I1 111 8.50 7.00 8.50 1.00 
I2 UV 11.80 9,30 ll.80 9.30 
I3 fl 14.00 11.00 14.00 11.00 
Bermuda 
.Io AUM 4.00 3.50 2.00 1.50 
Il 
1111 16.00 13.00 16.00 .. 13.00 .. 
3 Crop irrigation levels per acre are defined in Table V of Chapter II. 
' 
APPENDIX C9 TABLE I 
AVEBAGE ANNUAL RAINFALL FOR HAMMON, OKLAHOMA 9 1914-1960a 
Annual 
Year <:Rainfall Year 
·,(Inches} 
1914 15.65 1938 
1915 4L39 1939 
1916 17.44 1940 
1917 16.61 1941 
1918 31.17 1942 
1919 26.97 1943 
1920 36.81 1944 
1921 21.77 1945 
1922 24.63 191*6 
1923 46.oo 19'17 
192'1 23.49 19%8 
1925 21.04 1949 
1926 33.56 1950 
1927 23.%7 1951 
1928 27.39 1952 
1929 25.51 1953 
1930 24.77 1954 
1931 23.80 1955 
1932b 25.06 1956 









aThe mean annual rainfall for 1914=1960 is 24.96 inches. 




























Source: United States >.»e:pilrtment of Commercti9 Wea.therl'ijilrea;u 9 
Climatological ~ 9 Oklahoma. 9 1914=1960. c · 
DE~~ERMINING TOTAL WATER P..EQUIRBMENTS 
The total water requirements of each crop for optimum plant gro,v·th 
was the basis for defining the highest level of irrigationo The total 
water requirement for ea.ch crop was computed by utilizing a procedure 
developed by Blaney and Criddle (Footnote 12 1 Chapter II)o This pro-
cedure makes it possible to compute the total water requirement of each 
crop if the mon·!;hly temperature, latitude 1 and growing period of the crop 
are known and if the computed monthly percentage of axmual daytime hours 
Estimated seasonal total water requirements in inches were compu:ted 
from the following formula: 
where V = i:m ter use in inches 
K ""' empirical seaso:nal coeff'icier1t for each crop = essentially a 
constant in an area where irrigation is practiced 
.F ·- ~um of monthly factors ( f) for the growing; season. };u.m of the 
products of mean mont,hly temperature ( t) and monthly percent.ii,gc 
of annual daytime hours (pl7. 
The following example will illustrate the use of this proced11.:na> for con!= 
puting the total water requirements for alfalfa for the month of 
':!:he necessary coefficients are K = Oo85; t "" 59.3; and p "" i::L83, 
,r "' Q,g§j X 59 J,, :x: 8=:.-.fU = 4 1 5 . '!.. , lOO _,q 1ncues 
The "r,otal water requirement for alfalfa during April 1 consist.e.nt. wit.h 
optiimim plant gro11rth, was 4.45 inches" Assuming that the uormal rainfall 




The total water requirements for the growing season were obtained by 
computing a monthly water requirement for each month during the growing 
season and summing the monthly requirements. 
APPII!NDIX E 
ENTERPRISE BUDGETS 
The survey of watershed farms in Roger Mills County pro,rided an 
imre:ntory of machinery on these farms in 1961. These data im:licated 
that a two-nlow tractor/with its complement o:f equipment predominated 
~ ~~ 
on farms classified as resource situations A, Bj C, and D, while a 
four-plow tractor and its complement of machinery occurred on farms 
defined as resource situations E and F.. Thus, the programming aualysif> 
was performed with coefficients consistent with two-plow tractor a:ud. 
equipment on resource sH,uations A, B, C, and D~ aud using coefficients 
consistent with a four-plow tractor and equipment on resource situations 
E and F. Estimated cost per hour of use for two= and four=plow equipmiiiut 
is presented in Table I of this Appendix. 
The enterprise budgets for activities included in this study were 
developed using machinery coefficients for a two-plow tractor and equip= 
ment (Tables II-:XXI of tbis Appendix). The machinery costs in these 
budgets were adjusted to reflect cost coefficients for a four-plow 
tractor and set of equipment. Tables XX!I and XXIII of this .Appendix 
summarize gross income~ production costs j .smd net income f.or the fol'U.'-., 
plow tractor and equipmer,t. Tables XXIV ~:nd XX:V show estimated labor 
plow equipment. 
The beef cm,r-,calf and beef feeder enterprises in.duded in. one or 
more of t,he progra:mm.ed optimum farm plans are presented in Tables X'XVI,,~ 
XXIX of this Appendix. 
A Gira.de A dairy enterprise was i:aclu.ded as a productio:n activity in 
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this study. The coefficients for this enterprise were developed from 
recommendations of staff members in the Department of Dairy, Oklahoma. 
State University. A budget for this enterprise is presented in 
Table .XXX. of this Appendix. 
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APPENDIX E, TABLE I 
ESTIMATED COST PER BOUR OF lJSE FOR SPECIFIED MACHINERY 








Specifications of Use 
3 or 2-16 tricycle, 1.00 
L.P., P.S., PTO, 
3-point, hydraulic 
system, 43 h.p. 
2-16" integral 0.25 
8' 0.33 













7 ° integral 
18 1 
2-row 
16-8" press wheel 
fertilizer 
7' integral 
10 1 P.T.O. 
Gyromor · 













Specifications of Use 
4: or 3-16 tricycle, 1.27 
L.P., P.S., PTO, 
hydraulic system, 
51 h.p. 
4-14:" integral 0.4:6 
12 9 0.57 
12 1 
















Source: William F. Lagrone, unpublished data. Cost per hour of 
use includes repair, lubrication, d~preciation due to wear, fuel, and 
oil. All figures are based on the a,sW11ption that the equipment will 
wear out before it becomes obsolete. 
APPENDIX E, TABLE II 
PRODUCTION COSTS AND RElUBNS FOR COTTON ON LAND CLASS L1 WITH AVERAGE RAINFALL, 











Fuel and. Oil 










Gin and Wrap 
Inter.est on Operating 
Capital 
Total Specified Costs 



















cwt • S • C • 2. 00 
cwt. S. C • 0. 75 
cwt. S. C • 0. 25 
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APPENDIX E, TABLE III 











· Fuel and Oil 










~in and Wrap 
Interest on Operating 
Capital 
Total Specifie« Costs 
Returns to Land, Labor 9 
RfisR'··ana '°anage~-:r1t·· · 
Price or 







































.c, Le:v:.el• of .. Irr.i_ga_t.i_o.n.a_ .. ____ · __ . _ =~~-=~ 
lo_ 11 12 13 
·value Value Value Value 
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asee Table V of Chapter II for definitions of irrigation leveia. ~ 
APPENDIX E, TABLE IV 
PRODUCTION COS.TS AND RETURNS FOR COTTON ON LAND CLASS 11 WITH BELOW AVERAGE RAINFALL, 
. . ID: . .LE.VELS .. OF .. IRRIGATION .(PER ACRE). . . :. 
·=""'-'<- .........__..._ __ ~_----r:---r·- f 1 ·: ·i-· • ~r::·e· ~~ ..... ;:::.;;: ........... , . . .. . . . e..v.a IIL.o. . rr.1ga 1..on . 
In I 12 IJ 
Price or Value Value Value Value 
Cost per or or or or 
Item. 'Unit Unit Quantity Cos_!_~n.ti ty Cost Quantity Cost Quantity Cost 
Production: 
Lint cwt. 30.00 2.07 62~10 4.90 1'1.7.00 6.20 1s6.oo 7.25 217.50 
. Seed cwt. 2.50 3.45 8.62 8.18 ~ 10.35 22.88 12.10 ]0.2~ Total 70.72 7. 5 211.88 247.75 
Inputs: 
Seed lb. 0.10 22.00 2.20 22.00 2.20 22 .. 00 2.20 22.00 2.20 
Power hr. 1.00 5.56 5.56 5.56 5.56 5.56 5.56 5.56 5.56 
Other Machinery hr. 0.20 5.05 1.01 5.05 1.01 5.05 1.01 5.05 1.01 
Irrigation 
Pu.el and Oil acre 3.00 8.25 13.50 18.75 
Fixed Cost and Maint. acre 8.06 1.00 8.06 1.00 8.06 1.00 8.06 
In~ecticide acre 2.50 1.00 2.50 4:.00 10.00 4.00 10.00 4.00 10.00 
H(lleing acre 2.00 1.00 2.00 1.00 2.00 1.00 2.00 l.00 2.00 
Desiccant acre 3.00 o.67 2.00 1.00 3.00 1.00 J.00 1.00 3.00 
Pre-Emergence Chemical acre 2.50 1.00 2.50 l.00 2.50 1.00 2.50 1.00 2.50 - . 
Fertilizer 0=33-0 cwt. 4. 00 0.80 3.20 .\.00 .\.00 I"· 00 4.00 4.00 41.00 
J.rertilizer 16-20-0 cwt. 4.45 - - 1.50 6.68 1.50 6.68 1.50 6.68 
~napping ewt. S.C. 2.00 4.86 9.72 11.53 2:;.06 1'1.59 29.18 17.06 :;4.12 
Stripping cwt. S.C. 0.75 3.21& 2.43 7.69 5.77 9.7:; 7.30 11.37 8.53 
Hauling cwt. S.C. 0.25 8.10 2.02 19.22 '1.80 24.J2 6.08 28.43 7.11 
Gin and Wrap cwt. $.C. 0.85 8.10 6.88 19.22 16.34 2%.J2 20.67 28.43 21'.17 
Interest on Operating 
Capital dol. 0.06 27.83 1.6:Z 86.51 2°12 90.44 2·":l 2.66 
Total Specified Co~ts dol. 4J.69 108 • .\2 127.17 143.35 
Returns to Land 9 Labor 9 
Risk9 &nd ~anage~nt d.ol. 27.03 59.03 84.71 104 • .\0 ...... ..... 
~see Table V of Chapter II for definition of irrigation level~. ~ 
APPENDIX Ef TABLE V 
PRODUCTION COSTS AND RETURNS FOR COT'l'ON ON LAND CLASS 12 WITH BELOW AVEBAGE RAINFALL, 
BY LEVELS OF IRRIGATION (PER ACRE) 
Levels of Irrigationl 
In I I2 I~ 
Price or Value Value .value Value 
Cost per or or or or 
Item Unit Unit Quantity Cost Quantity Cost Quantity Cost Quantity Co~_t 
Production: 
Lint cwto 30.00 1.84 55.20 %.JO 129.00 5.50 165.00 6.50 195.00 
Seed cwt. 2.50 3.06 :z.62 7.18 11.22 9.20 21.00 10.85 2z.12 
Total 62.85 1%6.95 188.00 222.12 
Inputs: 
Seed lb. 0.10 22.00 2.20 22.00 2.20 22.00 2.20 22.00 2.20 
Power hr. LOO 5.56 5.56 5.56 5.56 5.56 5.56 5.56 5.56 
Other Machinery hr. 0.20 5.05 LOl 5.05 1.01 5.05 1.01 5.05 1.01 
Irrigation 
Fu.el and Oil acre J.00 8.25 13.50 18.75 
Fix~d Co~t and Maint. acre 8.06 1.00 8.06 1.00 8.06 1.00 8.06 
Imu.~cticide acre 2.50 LOO 2.50 4.00 10.00 4.00 10.00 4.00 10.00 
Hoeing acre 2.00 l.00 2.00 1.00 2.00 1.00 2.00 LOO 2.00 
De decant acre J.00 0.67 2.00 1.00 3.00 LOO 3.00 1.00 3.00 
Pre=Emergence Chemical acre 2.50 1.00 2.50 LOO 2.50 1.00 2.50 l.00 2.50 
Fertilizer 0=33-0 ~wt. 4.00 0.80 3.20 4.00 4.00 4.00 Z,,.00 1*.00 IJ:.00 
Fertilizer 16-20=0 cwt. 4.45 1.50 6.68 1.50 6.68 1.50 6.68 
Snapping cwt. s.c. 2.00 4.:;l 8.62 10.12 20.24 12.97 25.94: 15.JO 30.60 
Stripping cwt. s.c. 0.75 2.88 2.16 6.75 5.06 8.65 6.49 10.20 7.65 
Hauling ewt. S.C:. 0.25 7.19 LSO 16.87 4.22 21.62 5.40 25.50 6.38 
Gin and Wrap ewt. s.c. 0.85 7.19 6.11 16.87 Hl.34 21.62 18.38 25.50 21.68 
Interest on Operating 
Capital dol. 0.06 27.83 i.6z 86.51 2·12 90.44 2·4i 94.38 2.66 
Total Specified Cost~ doL u.33 102.31 120.15 135.73 
R®turns to Land 9 Labor 9 
B.i1k9 and ~nage~nt dol. 21.52 4~.6% 67.85 86.J9 I-' 
""" VI 
aSee Table V @f Ch~pt@r II for definition of irrigation l~vels. 
APPENDIX E, TABLE VI 
PRODUCTION COSTS AND RETURNS FOR WHEAT ON LAND CLASS 11 WITH AVERAGE RAINFALL 9 
. BY LEVELS OF IBRIGATION (PER ACRE) 
Level of Irrigation8 
Io I1 I2 
Price or Value Value Value 
Cost per or or or 
Item Unit Unit Quantity Cost Quantity Cost Quantity Cost 
Production: 
Wheat bu. 1.80 22.00 39.60 29.00 52.20 36.00 64.80 
Grazing AUM 0.50 ~~., o.65 0.75 
Total 39.60 52.20 6Z..80 
Inputs: 
Seed bu. 2.20 1.00 2.20 1.00 2.20 1.00 2.20 
Power hr. LOO 2.08 2.08 2.08 2.08 2.08 2.08 
Other Machinery hr. 0.24 1.89 0.45 1.89 0.45 1.89 0.45 
Irrigation 
Fu.el and Oil acre 2.85 3.56 7.12 
Fixed Cost and Maint. acre 8.06 1.00 8.06 1.00 8.06 
Fertilizer 33-0-0 cwt. %.00 0.80 2.00 0.75 3.00 o. 75 3.00 
Fertilizer 0-45-0 cwt. 3.95 0.50 1.98 0.50 1.98 
Combini:o.g acre J.00 1.00 3.10 1.00 3.45 1.00 J.80 
Hauling bu. 0.07 22.00 1.54 29.00 2.03 36.00 2.52 
Interest on Operating 
Capita.I dol. 0.06 13.10 o.:z2 59.84. l·22 62.51 1.:z2 
Total Specified Costs dol. 12.16 30.40 34.96 
Returns to Land, Laborp 
Ris~and ~anage~ent dol. 27.4~ 21.80 29.84 






















APPENDIX E, T.ABLEVll 
PRODUCTION COSTS AND B.E:rURNS FOR WHEAT ON LAND CLASS L2 WITH AVERAGE RAINFALL,. 
BY LEVELS OF IRRIGATION {PER ACRE) . 
Levels of Irri&!;tiona 
Io I1 I2 
Price of Value Value" Value 
Cost per or or or 
Item Unit Unit Quantitv Cost Quantitv Coat Onantit:y Co Rt. . 
Production: 
Wheat bu. 1.80 18.00 :;2.40 24.00 43.20 :;2.00 57.60 
Grazing AUM -··:::~- .. 0.40 . G.50 0.65 
Total J2.lt0 ltJ.20 57.60 
Inputs: 
Seed bu. 2.20 l.00 2.20 ·1.00 2.20 l.00 2.20 
Power hr. 1.00 2.08 2.08 2.08 2.08 2.08 2.08 
Other Machinery hr. 0.24 1.89 0.45 1.89 0.'15 1.89 0.45 · 
Irrigation 
Fuel and Oil · acre 2.85 3.56 7.12 
Fixed Cost and Maint. acre 8.06 1.00 8.06 1.00 8.06 
Fertilizer JJ-0-0 cwt. 4.00 0.50 2.00 0.75 3.00 0.75 :;.oo 
Fertilizer O-li5-0 cwt. J.95 0.50 1.98 0.50 l.98 
Combining acre J.00 1.00 :;.oo 1.00 J . .\5 1.00 3.60 
Hauling bu. 0. 07 · - 18.00 1.26 2I.t.OO 1.68 ,2.00 2.2% 
Interest on Operating 
Capital dol. 0.06 1:;.10 0.7.2 59 .8li 2·~2 62.51 l-12 
Total Specified Costs dol. 11. 78 29.80 '.S'!';.\8 
Returns to Land, Labor, 
Risk, and Management dol. 20.62 lJ.1'0 23.12 





















APPENDIX E9 TABLE VIII 
PRODUCTION COS'!'~ AND BETUBNS FOR WHEAT ON LAND CLASS 11 WITH BELOW AVERAGE BAIN!'ALL, 
' BY LEVELS OF IRRIGATION (PER ACRE) 
Level of IrrigationI 
Io I1 12 IJ 
Price of Value Value Value Value 
Cost per or or or or 
Item Unit Unit ~uantit;r Cost guantit;t Cost gu.antiti Cost 211antitz; Cost 
Production.: 
Wheat bu. 1.80 1.\.00 25.20 29.00 52.20 36.00 64.80 .\1.00 7J.80 
Grazing AUM 0.35 o.65 0.75 0.85 
'fotal 25.20 52.20 6.\.80 73.80 
Inputs: 
Seed bu. 2.20 LOO 2.20 LOO 2.20 1.00 2.20 l.00 2.20 
Power hr. l.00 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 
Othtr Machinery hr. 0.2.\ l.89 0.45 L89 0.'15 1.89 o.lt:5 1.89 0.45 
Irrigation 
Fuel and Oil acre 2.85 .~ ~ 5.70 9.68 14.25 
Fixed tost and Maint. a ere 8.06 1.00 8.06 l.00 8.06 1 .• 00 8.06 
Fertilizer JJ-0-0 cwt. 1*.00 0.50 2.00 0.75 J.00 0.75 3.00 0.75 3.00 
. Fertilizer 0-4:5-0 cwt. 3.95 0.50 l.98 0.50 1.98 0.50 1.98 
Combining acre 3.00 1.00 3.00 1.00 J.1'5 1.00 3.80 1.00 .\.15 
Bau.ling bu. 0.07 1'1.00 0.98 29.00 2.03 36.00 2.52 1'3.00 3.01 
Interest on Qperating 
Capital dol. 0.06 13.10 Oi:Z2 61.,.5 ].62 61t:.l(j J.s:z. 67.$6 It .'02 
Tot81 Specified Cost dol. 11.50 32.61t 37.61' ltJ.25 
.Returns to Land~ Labor 9 
Risk, and Management dol. 13.70 19.56 27.16 30.55 




APPENDIX ED TABLE IX 
PRODUCTION COSTS AND RETURNS FOR WliEAT ON LAND CLASS L2 WITH BELOW AVERAGE RUNFALLl) 
. BY LEVELS OF IRRIGATION (PER ACRE) 
Level of Ir:rigationa 
Io I1 12 l__J 
= 
Price or Value Value Value Value 
Coi!!t per or or or or 
Item Unit Unit Quantity Cost Quantity Coat Qu@ntity Collit Quantity Cost 
Productio.11u 
tfueat b'I].. l.80 11.00 19.80 24.00 4J.20 32.00 57.60 37.00 66.60 
Grazing ATJM 0,25 0.50 o.65 0.70 
Tota.I 19.80 ~3.20 57.60 66.60 
Inputs~ 
Seed bu. 2.20 LOO 2.20 1.00 2.20 1.00 2.20 LOO 2.20 
Pow<1.nr hr. 1.00 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 
Otheir Ma~hinery hr. 0.24 l.89 0.45 1.89 O.li5 L89 o.~5 1.89 0.'15 
Irrigation 
h@l smd Oil acr<e 2.85 5.70 9.68 14.25 
Fixed Cost and Mali~t. a<ere 8.06 LOO 8.06 LOO 8.06 1.00 8.06 
Fertilizer 33=0=0 ic:·wt. £11.00 0.50 2.00 0.75 3.00 0.15 3.00 0.75 3.00 
Fertiliz®~ 0=45=0 cwt. J.95 0,50 L98 0.50 1.98 0,50 1.98 
Combining acre J.00 1.00 3.00 LOO 3,~5 1.00 3.60 LOO 3,85 
Hauling bu. 0.01 11.00 0.77 24.00 L68 32.00 2.24 37.00 2.59 
Int~rest on Operating 
Capita.I doL 0.06 13.10 o.z9 61.~5 j.62 64.43 J.8:z 67.86 '*· 01 
Total Spe~ified Co~ts doL 11.29 32.29 37.16 42.53 
Returns to Land~ Labo~B 
Ri~k~and ~nage~ent doL 8.51 10.91 20. 44: 24.07 




APPENDIX E9 TABLE X 
PRODUCTION COSTS AND RETURNS FOR GRAIN SORGHUM ON LAND CLASS L1 WITH AVERAGE RAINFALL, 
BY LEVELS OF IRRIGATION (PER ACRE) . 
Level of Irrigation& 
Io 11 12 Ij 
Price or Value Value Value Value 
Cost per or or or or 
Item Unit Unit Qu.antit:y Cost Quantity Cost Quantity 
.. 
Cost Quantity Cost 
Production: 
Milo Grain cwt. 1.70 21.00 J2:ZO 36.00 61.20 39.50 6:z.12 41.00 62.:zo 
Total 35.70 61.20 67.15 69.70 
Inputs: 
Seed lb. 0.15 5.00 0.75 5.00 0.75 5.00 0.75 5.00 0.75 
Power hr. 1.00 3.05 J.05 3.05 J.05 3.05 3.05 3.05 3.05 
Other Machinery hr. 0.27 2.18 0.59 2.18 0.59 2.18 0.59 2.18 0.59 
Irrigation 
· Fuel and Oil acre 2.85 2.85 4.99 7.12 
Fixed Cost and Ma.int. acre 8.06 .. ,.,. 1.00 8.06 1.00 8.06 1.00 8.06 
fertilizer 0=45-0 cwt. 3.95 0.50 1.98 0.50 1.98 0.50 1.98 
Fertilizer 32-0-0 cwt. lf:.00 1.00 4.00 1.00 4.00 1.00 4.00 
Combining acre 3.00 1.00 3.05 1.00 3.80 1.00 3.95 LOO 4.00 
Hauling cwt. 0.13 21.00 2.73 36.50 4.68 39.50 5.U: "1. 00 5.33 
Interest on Operating 
Capital dol. 0.06 11.16 o.6:z 59.%8 i 0 2Z 61.08 ;a.66 62.68 J.z6 
Total Specified Costs dol. 10.SZ.. 33.33 36.17 38.64 
Returns to Lud 9 1abor 9 
Riskgand Management dol. 24.86 27.87 30.98 31.06 
aSee Table V of Chapter II for definition of irrigation levels. 
'"'"' &..:> 
0 
APPENDIX E, TABLE XI 
PRODUCTION COSTS A.NP RETURNS FOR GllAIN SORGHUM ON LAND CLASS 12 WITH AVERAGE RAINFALL, 
BY LEVELS OF IRRIGATION (PER ACRE) . 
- , . ·"· I . -
. . .. . ·. . · Levels of Irrigation.a 
Io 11 12 I3 
-==-=-=---=~~= 
Price or Value Value Value Value 
Cost per or or or or 
Item Unit U~it Quantity Co~t Q~antity Co~t Quantity Cost Quantity Cost 
Production; 





Othe~ Machinery h~. 
Irrigation 
:fu@l and Oil acre 
, Jti:x:@d C@iit and Maint acre 
l®rtilizer 0=45=0 ewt. 
Fertilizer 32=0=0 cwt. 
Combining acre 
Hauling cwt. 
Interest on Operating 
Capital dol. 
Total Specified Costm dol. 
Returns to Land 9 1abor 9 












16.50 28.Q!i 29.25 
28.05 
5.00 0.75 5.00 
3.05 3,05 J.05 




1.00 3.00 1.00 
16.50 2. II! 29.25 
ll.16 o.6:z 59.48 
10.20 
17.85 

































































APPENDIX E~ TABLE XII 
PUODVCTIOI\T COSTS AND RETURNS FOR GRA_ IN SORGHUM ON LAND CLASS L,i WITH BELOW AVERA.GE RAINFALL, 
BY LEVELS OF IRRIGATION (PER ACRE) 
~~- -~---------------:a-
....... Levels of Irrigation 
Io I1 - I2 
Price or Value Value Value 




Item Unit Unit Quantity Cost Quantity Comt Quantity Cost Quantity C_ost 
Productiol!'t: 
Milo Grain cwt. l. 70 13.30 22.61 36.00 61.20 39.50 6:z.12 l,a,1.00 62.zo 
Total 22.61 61.20 67.15 69.70 
I:nputa1: 
SHi lb. 0.15 5.00 0.75 5.00 0.75 5.00 0.75 5.00 0.75 
Pow®l1." hr. 1.00 3,05 3.05 J.05 3.05 J.05 J.05 3.05 3.05 
Oth~r Maiehinery hir O 0.27 2.18 0.59 2.18 0.59 2.18 0.59 2.18 0.59 
Iririga ti on 
hd an.id ©il acre 2.85 5.70 7.81* 9.98 
Fixed C@~t and Ma.int. acre; 8.06 l.00 8.06 1.00 8.06 1.00 8.06 
Fertiliz~r 0=45-0 cwt. J.95 0.50 1.98 0.50 1.98 0.50 1.98 
F@rtilizer 32-0-0 cwt. 1/r.OO LOO 4.00 1.00 4.00 1.00 4.00 
Combb.1.:i..ng acre 3.00 1.00 :;.oo LOO 3.00 LOO 3.95 1.00 4.00 
Hauling cwt. (Ll3 13.30 1.73 36.00 4.68 39.50 5.14 ld.00 5.33 
Int~rest o~ Operating 
Capital doL 0.06 11.16 o.6:z 61.62 j.10 63.22 i·Z2 64.82 3.s2 
Total Sp~~ified Costs dol. 9.79 35.51 39,15 41.63 
R®turns to Land 9 Labor 9 
Ri~k.afili Manag@ment dol. UL82 25.69 28.00 28.07 




APPENDIX Er TABLE XIII 
PRODUCTION COSTS AND RETURNS FOR GBAIN SORGHtlM ON LAND CLASS L2 WITH BELOW AVERAGE RAINFALL, 










fuel and Oil 





I~tere~t on Operating 
Capital 
Total Specified Co~t1 


















I.eveh of Irrigatioii« 
Io 11 12 -========== I.3 Value Value Value Value 
or or or or 
Quantity Cost Quantity Cost Quantity Cost Quantity Cost 
10.50 17.85 29.25 
17.85 
5.00, 0.75 5.00 
3.05 3.05 3.05 




1.00 3.00 1.00 







































37 0 79 J;t .~ l40.24 
16.19 15.86 




APPENDIX E, TABLE XIV 
PRODUCTION COSTS AND RETURNS FOR ALFALFA ON LAND CLASS L! WITH AVERA.GE RAINFALL, 
. BY LEVELS OF IRRIGATION (PER ACRE) 
-,~-- ---- ----~ - ~---
Leve1s of Irrigatfon3 
Io I1 
Price or Value 
Cost per or 
Item Unit Unit Qua:nti ty Cost QuaD.tity 
Produ.ctioni 
Hay ton 20000 ~L60 =2,2.00 1*oJO 
Total 52.00 
I:npUt$g b 
Seed lb. 0.32 5o00 L60 5o00 
Powll!lir hro LOO 3.90 3.90 3.90 
ll}ther Machinieiry hro 0.38 3.55 1.35 3o55 
Irrigation 
Fuel and Oil acre 2.85 
Fixed Coit and Maint. acre 8.06 1.00 
Fertilizer 0-~5-0 cwto J.95 1.50 
Baling ton 4.80 2.60 12.48 4.30 
Hauling ton 2o50 2.60 6050 Ii.JO 
Interest on Operating 
Capital doL 0.06 27.74 L66 75.61 
Total Specified Cost~ idol. 27.1*9 
Returns to Land~ Labor~ 
Risks and M:an~gement doL 24.51 
aS®e Tabl~ V of Chapter II for definition of irrigation levels. 




Cost Quantity Cost 
86000 5,50 110000 
86.oo 110000 
l.60 5o00 L60 
3o90 3.90 3.90 
1.35 3.55 1.35 
4.28 8.55 
8.06 LOO 8.06 
5.92 1.50 5.92 
20,64 5.50 26.40 
10.75 5o50 13.75 























APPENDIX E, TABLE XV 
PRODUCTION COSTS AND B.ETOBNS FOR ALFALFA ON LAND CLASS L2 WITH AVERAGE RAINFALL, 
BY LEVELS OF IRRIGATION (PER ACRE) 
Io 
Levels of Irrisg~a=t=i=omn_8~~~~~~~~~.-.... 
-·~· 11 . 12 . ~·· 13 
Price or Value Value Valu.e Value 
Cost per or or or or 
Item Unit Unit Quantity .Cost Quantity Cost Quantity Cost Q~antity Cost 
Production: 





Other :laehi~ery hr. 
Irrigation 
F1mel and Oil acre 
J'b:ed C@a!l't and Maimt. acre 
Fertilizer 0-45-0' cwt. 
Baling ton 
Hauling ton 
Interest on Operating 
Capital dol. 
Total Specified Costs dol. 
Returns to 1uul 9 Labor 9 
B.ia11k9 and Mai!1$gement dol. 
lt0.00 
0.32 5.00 l.60 5.00 
1.00 3.90 3.90 3.90 




%.80 2.00 9.60 3.20 
2.50 2.00 5.00 3.20 
0.06 27.71,. 1266 75.61 
23.11 
16.89 
ai®® Table V: of Chapter II for definition of irrigation levels. 











































APPENDIX E, TABLE XVI 
PRODUCTION COSTS AND RETURNS FOR ALFALFA ON LAND CLASS 11 WITH BELOW AVERAGE RAINFALL 
BY LEVELS OF IRRIGATION (PER ACRE) 
Levels of Irri;ation-. 
Io I1 I2 
Price or Value Value Value 




Item Unit Unit Quantity Cost Quantity Cost Q111antity Cost Quantity. Cost 
Production: 
Hay ton 20.00 l.90 ]8.00 lf..JO a6.oo 5.50 110.00 6.40 128.00 
Total 38.00 s6.oo 110.00 128.00 
Inputs: 'b 
Seed lb. 0.32 5,00 1.60 5.00 1.60 ;.oo 1.60 5.00 1.60 
Power hr. 1.00 3.90 3,90 :;.90 :;.90 3.90 3.90 3,90 3.90 
Other Machinery hr. o.:;s J.55 1.35 3,55 1.35 3.55 1.35 3.55 1.35 
Irrigation 
Fuel ancl Oil acre 2.85 : .. ~:·~~-. : .. 7.84 .-_~;}::;.:-.~ 12.11 .--~);.-·.·f 16.39 
Fixed Co~t and Maint. acre 8.06 1.00 8.06 1.00 8.06 1.00 8.06 
Fertilizer 0-45-0 cwt. J.95 1.50 5.92 1.50 5.92 l.50 5.92 
Baling ton 4.80 1.90 9.12 1,,,.30 20.64 5.50 26.40 6.%0 29.76 
Haulin.g ton 2.50 1.90 4.75 4.:;o 10.75 5.50 1Jo75 6o~O 15.50 
Interest ~n Operating 
Capital dol. 0.06 27.74 1.66 78.28 6*. :zo 81.48 AL82 84.70 2.os 
Total Specified Costs d.ol. 22.38 6%.76 77.98 87,56 
ll®turns to 1and 9 Labor 9 
lli8k9 and }ian.agement dol. 15.62 21.2% 32.02 %0.44 
,., . ':;-. _,,-.~~::-. ~---- •. 
8 Se@ Table V of Chapter II for definition of irrigation. level~. 
bE~tabli~hment ©o~t~ pr~rated over fo~r years are included. 
""" I'.:) a... 
APPENDIX E, TABLE XVII 
PRODUCTION COSTS AND RETURNS FOR ALFALFA ON LAND CLASS 12 WITH BELOW AVERAGE RA.INFALLp 
BY LEVELS OF IRRIGATION (PER ACRE) 
Price or 
Cost per 







Other Machinery hr. 
Irrigation 
Fuel and Oil acre 
Fixed C©st a11.d Maint. acre 
Fertilizer 0-45-0 cwt. 
Baling ton 
Hauling ton 
I~tereat on Operating 
Capital dol. 
Total Specified C_ost~ dol. 
R@turns to Land~ Labor 9 











Levels of Irrigation& 
Ii . - T. -·- T ·-1 2 ~===---




or or or or 
Quantity Cost Quantity Cost Quantity Cost Quantity Cost 

















































ase~ T~ble V of Chapter II for definition of irrigation levels. 
b . .. 




APPENDIX Ef TABLE XVIII 
PRODUCTION COSTS AND RETUllNS J!OR FORAGE SOBGmJM SILAGE ON LAND CLASS 1 1 WITH AVERA.GE RAINFALL, 
BY LEVELS OF IRRIGATION (PER ACRE) 
Levels of Irrigation& 
lo 11 12 
Price or Value Value Value 




Item Unit Unit Quantity Cost Quantity Cost Quantity Cost Quantity Cost 
Production: 
Silage ton 2,80 8.50 11.80 n.oo 
Inputs: 
Seed lb. 0.07 6.oo 0.42 6.00 0.42 6.oo 0.42 6.oo 0.42 
Power hr. 1.00 4.69 4.69 4.69 4.69 4.69 4.69 4.69 ~.69 
Other Machinery hr. 0.25 4.26 1.06 2.\.26 1.06 4.26 1.06 4.26 1.06 
Irrigation 
Fuel and Oil a ere 2.85 2.85 4.99 7.12 
Fixed Cost and Maint. a ere 8.06 1.00 8.06 1.00 8.06 1.00 8.06 
Fertilizer 32-0-0 cwt. 4.00 0.75 3.00 0.75 J.00 0.75 3.00 
Harvesting ton \.80 2.80 13.44 8.00 38.'10 11.80 56.6'1 Iii. 00 7.20 
Hauling ton 2.40 2.40 6.72 8.00 19.20 11.80 28.32 1%.00 33.60 
Interest on Operating 
Capital dol. 0.06 37.18 2.2J 83.02 .\.28 83.55 ~.01 84.15 5.05 
Total Specified Costs 
Above Land~ Laborj Riskj 
28.56 82.66 and Management dol. 112.19 130.20 




APPENDIX E, TABLE XIX 
PRODUCTION COSTS AND RE'rUBNS FOR FORA.GE SORGHUM SILAGE ON LAND CLASS 12 WITH AVERAGE RAINFAL~, 
BY LEVELS OF IRRIGATION (PER ACRE) , .. 
Levels of Irrigation& 
Io 11 I2 I3 
Price or Value Value Value Value 
Cost per or or or or 








Fuel and Oil 




Interest on Operating 
Capital 
Total Specified Costs Above 













0.07 6.oo 0.42 6.oo 
1.00 '1:.69 4.69 4.60 




It.SO 2.20 10.56 7.00 
2.%0 2.20 5.28 7.00 
0.06 35.86 2.15 83.02 
2'1.16 
' 
&See Table V of Chapter Il for definition of irrigation levels. 
9.30 11.00 
0.'1:2 6.00 0.42 6.00 · 0.42 
4.69 lt.69 4.69 4.69 4.69 
1.06 4.26 1.06 4.26 1.06 
2.85 4.99 7.12 
8.06 1.00 8.06 1.00 8.06 
3.00 0.75 3.00 0.75 3.00 
33.60 9.30 . 44.6'1: 11.00 52.80 
16.80 9.30 22.32 11.00 26.40 
4.28 84.63 ~.08 86.23 5.12 




APPENDIX E, TABLE XX 
PRODUCTION COSTS AND RETURNS FOR FORAGE SORGHUM SILAGE ON LAND CLASS L1 WITH BELOW AVERA.GE RAINFALL, 
BY LEVELS OF IRRIGATION (PER ACRE) 
Levels of Irrigation& 
Io 11 12 Ii 
Price or Value Value Value Value 
Cost per or or or or 
Item Unit Unit Quantity Coat Quantity Cost Quantity Cost Quantity Cost 
Production: 
Silage ton 1.80 8.50 11.80 14.00 
Inputs: 
Seed lb. 0.07 6.00 0.%2 6.oo 0.42 6.oo 0.%2 6.oo 0.42 
Power hr. 1.00 1*.69 4.60 4.69 1*.69 4.69 4.69 %.69 %.69 
Other Machinery hr. 0.25 %.26 1.06 4.26 1.06 .\.26 l.06 4.26 1.06 
Irrigation 
Pu.el and Oil acre 2.85 5.70 7.81* 9.98 
Fixed Cost and Maint. a ere 8.06 1.00 8.06 1.00 8.06 1.00 8.06 
Fertilizer 32=0=0 cwt. 4.00 0.75 3.00 0.75 3.00 0.75 3.00 
Harvesting ton 4.80 1.80 8.64 8.50 40.80 11.80 56.64 14.00 67.20 
Hauling ton 2.40 1.80 1:1.32 8.50 20.40 11.80 28.32 14.00 36.60 
Interest on Operating 
Capital dol. 0.06 35.86 2.15 84.09 5.05 85.69 5. lli 87.29 ~24 
Total Specified Costs Above 
Land, Labor 9 Risk9 and 
Management dol. 21.28 89.18 115.17 136.25 
aSee Table V of Chapter II for definition of irrigation levels. .... 
~ 
0 
APPENDIX E, TABLE XX! 
PRODUCTION COSTS AND BBfUBNS FOR PORA.GE SORGHUM SILAGE ON LAND CLASS L2 WITH BELOW AVERAGE RAINFALL, 
BY LEVELS OF IRRIGATION (PER ACRE) 
Levels of Irrigationa 
Io I1 I 2 . Il. 
Price or Value Value Value Value 
Cost per or or or or 
Item Unit Unit Quantity Cost Quantity Cost Quantity Cost Quantity Cost 
Production: 
Silage ton 1.40 7.00 9.JO 11.00 
.Inputs: 
Seed lb. 0.07 6.oo 0.42 6.00 0.42 6.oo 0.42 6.oo 0.42 
Power hr. 1.00 4.69 4.69 4.69 4.69 4.69 4.69 4.69 4.69 
Other Machinery hr. 0.25 4.26 1.06 4.26 1.06 1*.26 1.06 4.26 1.06 
Irrigation 
Fuel and Oil acre 2.85 5.70 7.84 9.98 
Fixed Cost and Maint. acre 8.06 1.00 8.06 1.00 8.06 l.JJO s.06 
Fertilizer 32-0-0 cwt. ,..00 0.75 J.00 0.75 J.00 0.75 3.00 
Bal'VH'ting ton %.80 1.%0 6.72 7.00 33.60 9.30 44.64 11.00 52 .• so 
Hauling ton 2.%0 l.Z..0 3.36 7.00 16.80 9.30 22.32 11.00 26.40 
Interest on Operating 
Capital dol. 0.06 35.86 2.15 84.09 5.05 85.69 5.14 87.29 ~2, 
Total Specified Costs Above 
Land 9 Labor 9 Rhk 9 and 
~nageJnent dol. 18.40 78.)8 97.17 111.65 
a See Table V of Chapter II for definition of irrigation levels. ..... 
\,,;i ..... 
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APPENDIX E, TABLE XXII 
ESTIMATED GROSS INCOME, PRODUCTION COSTS, AND NET INCOME FOR SELECTED 
CROPS WITH AVERAGE BAINFALL AND 4-PLOW TBACTOR AND EQUIPMENT, 
BY LEVELS OF IRRIGATION (PER ACRE) 
Crop and a b 
Levels of ·Gross Income Production Costs Net Income 
Irrigation L1 Land L2 Land 11 Land L2 Land L1 Land L;21.a.nd 
Cotton 
IO 99.10 87.82 49.63 46.29 49.47 41.53 
Il 167.45 146.95 101.41 95.30 66.04 51.65 
12 211.88 188.00 120.15 113.13 91.23 7%.87 
13 247.75 222.12 136.34 128.72 111.41 93.40 
Wheat 
IO 39.60 32.40 11.05 10.77 28.55 21.63 
Il 52.20 43.20 28.75 28.15 23.45 15.05 
12 64.80 57.60 33.31 32.83 31.%9 24.77 
13 73.80 66.60 37.59 37.16 36.21 29.44 
Alfalfa 
IO 52.00 1,i,0.00 30.25 25.87 21.75 14.13 
11 86.oo 39.60 28.51 27.91 20.09 11.69 
12 110.00 84.00 73.91 64.42 36.09 19.58 
13 128.00 100.00 83.48 7"1.72 44.52 25.28 
Grain Sorghum 
IO 52.00 40.00 30.25 25.87 21.75 a.13 
11 86.00 61,,,.00 60.92 52.89 25.08 11.11 
12 61.20 49.72 31.49 30.27 29.71 19.45 
13 170.00 140.00 86.oo 74.78 84:.00 65.22 
Forage Sorghum 
IO 27.29 22.64 
11 86.oo 7~.78 
12 114.16 95.35 
13 133.19 110.56 
Bermuda 
IO 5.83 5,83 
Il 36.83 3'6.83 
aProduction costs include cost of seed, fertilizer 9 weed and insect 
chemicals, power.and machinery, harvesting 9 and interest on operating capital. 
~et income is defined as returns to land 9 family labor 9 management 9 
and risk. 
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APPENDIX E, TABLE XXlII 
ESTIMATED GROSS INCOME, PRODUCTION COSTS, .AND NET INCOME FOR SELECTED 
CROPS WITH BELOW AVEBAGE RAINFALL AND 4-PLOW TRACTOR AND 
EQlJIPMENT, BY LEVELS OF IRRIGATION (PER ACRE) 
Gross Income Production Costs• Net Income b 
L1 Land. L2 Lalid L1 Land L2 Land L1 Land 12 Land 
Cotton 
IO 70. 72 62.85 U.13 38.77 29.59 24.08 
Il 167.95 146.95 105.93 99.82 62.02 li7 .13 
12 211.88 188.00 124.57 117.55 87.31 70.45 
13 2'17.75 222.12 140.84: 133.22 106.91 88.90 
Wheat 
IO 25.20 19.80 9.99 9.78 15.21 10.02 
Il 52.20 la.3.20 30.56 29.,96 21.64: 13.2.\ 
12 64:.80 57.60 35.56 35.08 29.24 22.52 
13 73.80 66.60 40.88 li0.45 32.92 26.15 
Alfaifa 
IO 38.00 28.00 25.14 21.%9 12.86 6.51 
Il a6.oo 64.00 62.69 54.66 23.31 9.3Zi 
12 110.00 84.00 75.6Zi 66.15 34.36 17.85 
13 128.00 100.00 85.50 76.70 42.50 23.30 
Grain Sorghum 
Io 22.61 17.85 8.8% 8.'17 13.77 9.38 
Il 61.20 49.72 33.34 32.1&6 27.86 17.26 
12 67.15 53.98 36.99 35.63 30.16 18.35 
13 69.70 56.10 39.47 38.08 30.23 18.02 
Forage Sorghum 
Io 19.81 16.66 
Il 87.03 76.23 
12 113.00 · 95.00 
13 13'1..08 109.48 
Bermuda 
IO 5.92 5.92 
II 41.33 41.33 
&Production costs include cost of seed, fertilizer, weed and insect 
chemicals, power and machinery, harvesting, and int~rest on operating capital. 
bNet income is defined as returns to land, family labor, management, 
and risk. 
APPENDIX E, TABLE XXIV 
ESTIMATED LABOR REQUIREMENTS FOR.SELECTED CROPS WITH .AVERA.GE 
BA.INF.ALL, BY LEVELS OF IRRIGATION (PER ACB.E) 8 
Four-Plow Equipment 
Jan.- May- .Aug. Oct.-
April July Sept. Dec. Total 
2.14 2.42 0.30 0.15 
2.14 5.42 0.35 0.15 
2.14 8.98 0.40 0.15 
2.14 10.08 2.85 0.35 
1.%9 0.63 0.20 
2.00 1.67 0.73 0.20 
2.00 1.75 0.73 2.30 
4.00 1.84 0.73 2.30 
3.56 0.80 0.09 
0.15 5.70 0.85 0.09 
0.15 7.95 0.85 0.09 
0.15 7.95 3.05 0.09 
0.84 1.11 0.83 0.05 
0.84 3.20 l.05 0.05 
0.84 4.71 1.11 0.05 
0.84 6.19 1.17 0.05 
1.88 2.03 0.80 
1. 88 5 • OJ 1. 25 
1.88 6.89 2.87 
1.88 9.53 6.25 
1.47 1. 09 O.lt8 























1.27 1.23 0.15 0.15 
1.27 4.23 0.20 0.15 
1.27 7.79 0.25 0.15 
1.27 8.89 2.70 0.35 
0.83 0.42 0.20 
2.00 1.01 0.52 0.20 
2.00 1.09 0.52 2.30 
4.00 1.18 0.52 2.30 
3.39 0.67 0.09 
0.15 5.53 0.72 0.09 
0.15 7.78 0.72 0.09 
0.15 7.78 2.92 0.09 
0.47 0.61 0.55 0.03 
0.47 2.70 0.77 0.05 
0.47 4.21 0.83 0.05 
0.47 5.69 0.89 0.05 
1.02 o. 72 
1.02 3. 72 0.'15 
1.02 5.58 2.07 
1.02 8.22 J.1'5 
0.80 0.55 0.25 























8 Labor coefficients were based on the following sources: Larry J. 
Connor, William F. Lagrone, and James.S. Plaxico, Resource Reguirements 9 
Costs .HA Expected Returns; Alternative Crop .!ru! Livestock Enterprises; 
Loam Soils .!!! .:.Y!.t Rolling Plains ,2! Southwestern Oklahoma, Oklahoma Agri= 
cultural Experiment Station in cooperation with the U. s. Department of 
Agriculture, Processed Series P-368 (Stillwater, 1961), and Jay M. Bagley 
and Wayne 0. Criddle, Evaluation.!! Sprinkler Irrigation Systems.!.!! 
Northern !!!!h, Utah .Agricultural Experiment Station in cooperation with 
the U.S. Department of Agriculture, Bulletin 387 (Logan). 
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APPENDIX Ep TABLE XXV 
ESTIMATED LABOR REQUIREMENTS FOR SELECTED CROPS WITH BELOW A VERA.GE 
BAINFALL1 BY LEVELS OF IRRIGATION (PER ACRE)a 
Crop and Two-Plow Eguipment Four-Plow Egui~ment 
Levels of Jan.- May- Aug. Oct.- Jan.- May- Aug. Oct.-
Irrigation April July Sept. Dec. Total April July Sept. Dec. Total 
Cotton 
IO 2.14: 2.%2 0.30 0.15 5.01 1.27 1.23 0.15 0.15 2.80 
Il 2. lll 7.91 0.35 0.15 10.55 1.27 6.72 0.35 0.15 8.%9 
12 2.14 9.17 2.55 0.15 ll.1:.01 1.27 7.98 2.55 0.15 11.95 
13 2.lli: 11.92 3.l.1:7 0.15 17.68 1.27 10. 74 3.l.1:7 0.15 15.63 
Wheat 
IO 1.32 0.63 0.20 2.15 0.83 0.42 0.20 l.'15 
Il 3.20 1.4:2 0.63 0.20 5.%5 3.20 0.83 1.26 1.%0 6.69 
12 3.20 1.%2 l.4:7 2.20 8.29 3.20 0.83 1.30 2.20 7.5:; 
13 5.20 l.lt.2 1.1'7 2.20 10.29 5.20 0.83 I.JO 2.20 9.53 
Alfalfa 
Io 3.56 0.80 0.09 4.4:5 3.39 0.67 0.09 4:.15 
Il I.JO 6.12 0.80 0.09 8.31 l.30 5.87 0.67 0.15 7.99 
12 l.30 7.ol.l: l.96 0.09 10.39 l.30 6.79 l.65 0.15 9.89 
13 l.30 8.06 3.12 0.09 12.57 l.30 7.81 2.81 0.15 12.07 
Grain 
Sorghum 
IO 0.81' 1.02 0.71 2.57 0.4:7 0.61 0.55 ·0.03 1.66 
11 0.84 5.11 0.83 6.78 0.47 4.70 0.53 0.05 5.75 
12 0.8'1 5.61 1.83 8.28 O.li.7 5.20 l.53 0.05 7.25 
13 0.84 6.11 2.83 9.78 0.47 5.20 2.53 0.05 8.25 
Forage 
Sorghum 
IO l.88 2.03 0.80 4.71 L02 0.96 0.85 2.83 
11 1.88 %.53 2.70 9.11 1.02 J.46 0.85 5.33 
12 1.88 5.5J 3.20 10.61 ~ 1.02 4.1&6 J.25 8.73 
13 1.88 6.53 3.70 12.11 l.02 5.46 · J.15 10.23 
Bermuda 
IO l.47 1.09 0.48 J.0% 0.80 0.55 - 0.25 1.60 
Il I.62 6.45 3.73 11.80 l.05 5.94 J.50 10.49 
-i.abor coefficients were based on the following sources: Larry J. 
Connor, William F. Lagrone, and James S. Plaxico, Resource Regnirements 9 
Costs.!!.!! Expected Returns; Alternative Crop~ Livestock Enterprises; 
~Soils~~ Rolling Plains~ Southwestern Oklahoma 9 Oklahoma Agri= 
cttltural Experiment Station in cooperation. with the lJ. S. Department of 
Agriculture, Processed Series P=368 (Stillwater, 1961), and Jay M. Bagley 
and Wayne O. Criddle, Evaluatien .!!, Sprinkler Irrigation _§y;steru ~ 
Northern!!!!!!,, Utah Agricultural Experiment Station in cooperation with 
the U.S. Departm«,!nt of Agriculture, Bulletin 387 (Logan). 
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APPENDIX E, TAB~ .llVI 
PRODUCTION COSTS AND RETURNS FOB. BFJEF COW-CALF ENTERPRISE; SPRING 
. CALVING WITH SALE OF FEEDER CALVES OCTOBER ,!;,;,(PER cow)a . 
, ..... 
Price or Value 
Cost Per or 
IteJB Unit Unit Quantity Cost 
•Production: 
Cull Cows cwt. 13. 13 1.18 15.49 
Heifer Calves cwt. 21.42 1.29 21.-63 
Steer Calves cwt. 23.42 2.14 20.12 
Total dol. 93.2'1 
Inputs: 
Range · AUM 12.88 
Hay (Alfalfa - 6 lbs./day) ton 20.00 0.4% 8.80 
Salt lbs. 0.03 33.60 1.01 
Veterinary and Medicine dol. 3.36 3.36 
Bull Depreciation dol. 1.40 1.40 
Hauling and Marketing Cost cwt. 0.40 4.61 1.84 
Property Tax dol. 0.037 58.11 2.15 
Interest on Operating 
Capital dol. 0.06 198.61 11.22 
Total Specified Costs dol. 30.48 
B.eturns to Land, Labor, 
Risk, and Management dol. 62.76 
Labor Requirements (Man Hours Per Cow} 
~~~Apr. !!L, ~ July Aug. Sept • .2£.h Nov.~ Total 
1. 73 2. 76 2.95 2.09 0.20 o. 72 0.20 0.16 0.20 o •. 48 0.50 0.60 12.59 
"wintered on alfalfa hay and range; non=creep fed, sold off native 
range. 
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APPENDIX E, TABLE XXVII 
PRODUCTION COSTS AND RETUBNS FOR BEEF COW-CALF ENTERPRISf; FALL 
CALVING WITH SALE OF FEEDER CALVES JULY 20 (PER cow) 
Price or Value 
Cost Per or 
Item Unit Unit Quantity Cost 
Production: 
Cull Cows cwt. 13.95 1.18 16.Pf:6 
Heifer Calves cwt. 22.20 i.29 28.5'1 
Steer Calves cwt. 2-'i.20 2.U 21.Th 
Total dol. 96.76 
Inputs: 
Range AUM 11.'10 
c.s.c. (1.75 lbs./day) cwt. J.80 2.87 10.90 
Sorghum Silage (27 lbs./day) ton 4.20 1.81& 7.71 
Salt lbs. 0.03 33.60 1.01 
Veterinary and Medicine dol. :;.36 3.36 
Bull Depreciation dol. 1.40 1.40 
Hauling and Marketing cwt. 0.1&0 1&.61 1.84 
Property Tax dol. 0.037 70.00 2.58 
Interest on Operating 
Capital dol. 0.06 206.80 12.U 
Total Specified Costs dol. l&l.21 
Returns to Land 9 Labor, 
Risk, and Management dol. 55.55 
Labor Requirements (Man Hours Per Cew) 
~ Feb. Mar_. Ap6. May June July Aug. Sept. Oct. Nov. Dec. Total 0.77 1.05 0.87 o. 1 0.10 0.08 0.34 0.08 0.1&2 0.85 1.10 1.19 7.46 
&wintered on sorghum silage, cotton seed cake, and range; non=creep 
fed. 
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APPENDIX E, TABLE XXVIII 
PRODUCTION COSTS AND RETURNS FOR GOOD FEEDER CATTLE ENTERPRISE; 









Veterinary and Medicine 
Salt 
Hauling and Marketing 
Interest on Operating 
Capital 
Total Specified Costs 
Returns to Land, Labor, 




























~~Mar. Apr.~~ Jul,Y Au14 Sept. Q£h ~ ~ 
0 0 . 0 0.55 0.50 0.50 0.50 0.50 0~50 0.55 0 O 

















APPENDIX E,: TAB~ llIX 
PRODUCTION COSTS AND RETURNS FOR GOOD FEEDER CATTLE fN!ERPRISE; 
BUY OCTOBER 15 AND SELL MAY 15 (PER S'.1.'EER) . 
Price or Value 
Cost Per or 
Item Unit Unit Quantity Cost 
Production: 
Feeder cwt. 22.29 7.15 159.37 
Less One Per Cent 
Death Loss 157.78 
Inputs: 
Calf cwt. 23.42 4.50 105.39 
Native Range AUM 0.50 
Small Grain Grazing 
/ Before March 1 AUM 1.40 
After March 1 AUM 1.81 1.40 2.53 
Forage Sorghum ton s.61 0.45 3.87 
c.s.c. (1.5 lbs./day) cwt. 3.81 0.69 2.62 
Veterinary and Medicine dol. 1.45 1.45 
Salt lbs. 0.01 16.30 0.16 
Hauling and Marketing cwt. 0.40 11.65 4.66 
Property Tax dol. 0.037 49.00 1.81 
Interest on Operating 
Capital dol. 0.06 65.89 2°25 
Total Specified Costs dol. 126.44 
Returns to Land, Labor, 
Risk, and ~nagement del. 31.34 
Labor Requirements (Man Hours Per Steer) 
~ l!!!.:.. ~ Apr. !Y_ ~ July Aug. Sept. !!L_ !!.!'..:. ~ Total 
0.45 0.45 0.30 0.30 1.02 0 0 0 0 0.54 0.30 O.JO 3.66 
~intered on small grain pasture with forage sorghum and cottonseed 
cake when off small grain. Sold off grazed out small grain. 
APPENDIX E, . TABLE XXX 






Cull Heifers, 2 Years 













Cotton Seed Meal 
Wheat Bran 






Interest on Operating 
Capital 
Total Spe~ified Costs 
Returns to Land, Labor, 


































































~~Mar. Apr. ~ ~ July Aug. Sept. ~ ~ ~ 
8.4:6 7.54: 8.%6 8,78 7.68 7.4:0 7,68 7.68 7.40 8.4:6 8.15 8.46 






























APPEmHX J? t 'fABLB I 
A TYPICAL TABLEAU USFJD IN PROGRAMMING OPTIMUM FATu\:l PLANS (FARM A=l, AVERA.GE RAINFALL 
WITH WATI-i~ AVAILABILI'rY Rl!~STUIG'rED '1'0 LEVEL 2) 
·===--= - -- ··==--=- - ·= - - .. 
Cotton -
Item Row Unit PO pl p2 p3 P4 P5 p6 p 7 PB 
,-~-::.,;:=."::'::~~"'==· ~- --=---·::-, .. :::=-. =-=· 
c. doL 48.86 40.92 67.97 53,52 9J.89 77,03 ll3.81 95,80 
J 
Land Resources 
Ll 101 acre 7 l l 1 1 
l,2 102 acre 31 1 l 1 1 
L 103 acre 13 
13 104: acre 29 
14 105 acre 8 5 
Wheat Allotment 106 acre 10 
Cotton Allotment 107 acre 10 i 1 l l l l l l 
Grazing 
Oct.=Feb. 108 AUM 32 
Mar.=May 109 AUM 32 
June=Sept. no AUM 32 
Laber 
Jan.=Apr. 111 hour 726 2.14 2. a 2.14 2.14 2.14: 2.14 2.14 2.14 
Nay--July 112 hour 638 2.42 2.42 5.42 5.42 8.98 8.98 10.08 10.08 
Aug.=Sept. llJ hour 4'10 o.:;o 0.30 O.J5 0.35 0.%0 0.40 2.85 2.85 
Oct,=Dec. 114 heur 594 0.15 0.15 0.15 0.15 0.15 0.15 0.35 0.35 
Capital .. 
Total 115 dGl. .1 3Zt.46 34.46 95.47 95.47 100.72 100.72 105,97 105.97 
Annual 116 doL .1 27,83 27.83 83,71 83.71 87,26 87.26 91.57 91.57 
Irrigation Water 117 Ac.In. 225 6 6 13 13 20 20 
Alfalfa Hay 118 ton .1 
Small Grain Hay 119 ton 0 1 
Forage Sorghum 120 ton .1 ....... ,i;:,-
~rain Sorghum 121 cwt. .1 ....... 
Oats 122 cwt. .1 
·-· .... 
APPENDIX F, TABLE I (continued) 
~~.·-::e:=::c'7 
- =.=1'!!1!?a "E-== 
Row p9 Pio pll pl2 pl3 plq pl5 pl6 pl7 
=-'"'=='...=.-.~:..===-··--'="--="--···----==-====--=.!;:"".=-r~ 
c. 28.52 21.59 14.67 7.75 25.39 16.99 33.56 26.87 38.33 
J 
101 1 1 1 1 




106 1 1 1 1 1 1 1 1 1 
1o·L 
108 ... o.;o -0.40 -0.30 -0.20 -0.65 -0.50 -0.75 -0.65 -0.85 
109 
110 
111 2.00 2.00. 2.00 2.00 4.00 
112 1.49 1.%9 1.l.t.9 l.l.t.9 1.67 1.67 1.75 1. 75 l.8Z.. 
113 0.63 0.63 0.63 0.63 0.73 0.73 0.73 0.73 0.73 
lll.t. 0.20 0.20 0.20 0.20 0.20 0.20 2.30 2.30 2.30 
115 14.50 11...50 14.50 14.50 62.92 62.92 66.48 66.48 67.42 
116 13.10 13.10 13.10 13.10 59.84 59.84 62.51 62.51 63.21 



















pl9 p20 p21 p22 




3.56 3.56 5.70 5.70 
0.80 0.80 0.85 0.85 
0.09 0.09 0.09 0.09 
42.65 42.65 92.58 92.58 
27.71,, 27. 7l.t. 75.61 75.61 
6.oo 6.oo 






Row p23 p24 p25 
~ 
cj -69.53 =60.04 -78.91 










111 0.15 0.15 0.15 
112 7.95 7.95 7.95 
ll3 0.85 0.85 3.05 
llli 0.09 0.09 0.09 
115 96.85 96.85 101.12 
116 78,81 78.81 81.4'2 
117 12.00 12.00 18.00 






APPENDIX F, TABLE I (continued) 
'=c== ~- -C.:- -~ =~=== 
Grain Sorghum 
p26 p27 p28 p29 p30 p31 p32 
-70.15 25.58 18.52 l.0.98 3.60 31.44 21.18 
1 1 
1 l 1 
1 
1 
0.15 0.84: 0.84: 0.84: 0.81' 0.84 0.84 
7.95 1.11 1.11 1.11 1.11 3.20 3.20 
3.05 0.83 0.83 0.83 0.83 1.05 1.05 
0.09 0.05 0.05 0.05 0.05 0.05 0.05 
101.12 11.39 11.39 11.39 11.39 61.92 61.92 
81.42 11.16 11.16 11.16 11.16 59.48 59.1*8 




































APPENDIX F, TABLE I (continued) 
Forage Sorghum 
Row p37 p38 p39 p40 p41 pl.t-2 
c. -22.01 =21.29 
J 
=18.41 -77.68 =70.4-8 -107.18 
101 1 1 









111 l.88 1.88 1.88 1.88 1.88 1.88 
112 2.03 2.03 2.03 5.03 5.03 6.89 
113 0.80 0.80 0.80 1.25 1.25 2.87 
114: 
115 35.86 33.75 29.98 86.16 86.16 86.87 
116 35.86 33.75 29.98 83.02 83.02 83.55 
117 4 4 7 
118 
119 



























Row p46 p'-17 









108 -0.21 =0.20 
109 -2.06 =1.96 
110 -1.93 =1.84 
111 1.47 1.47 
112 1.09 1.09 
113 0.48 0.48 
1111 
115 20.32 20.32 







APPENDIX F, TABLE I (continued) 
Bermuda - -~ 
p48 P1,1:9 p50 p51 
-5.30 -33,76 -33,76 -'1.77 
1 1 
1 1 
=0.18 -0.80 =0.65 -0.50 
=l.72 -7.84 -6.32 -2.80 
-1.60 =7,36 =5.98 
1.47 1.62 1.62 
1.09 5.45 5.'15 1.49 
0.48 2.73 2.73 0.63 
0.20 
20.32 81.17 81.17 13.63 
10.16 65.91 65.91 12.25 
16 16 

























APPENDIX F, TABLE I (continued) 
~ =s;;I1 Grain ~,X = =~ Sudan Grass Cow-Calf 
Row P55 P56 P57 p58 p59 P6o 
= ==..::=;=-== m===--= 




103 1 1 




108 -0.30 -0.20 J.80 4.30 
109 3.80 4.30 
110 -1.00 -0.60 3.80 4.30 
111 1.88 1.88 3.30 9.53 
112 2.69 2.69 1.43 l.'13 0.52 1.12 
113 0.63 0.63 0.50 0.36 
114 0.20 0.20 3.14 1.58 
115 26.80 26.80 10.62 10.62 211.69 200.80 
116 26.80 26.80 10.23 10.23 206.79 198.61 
117 
118 O.lt:37 






p61 p62 p63 
41.69 20.28 33.15 
1.60 2.70 0.40 
1.70 1.20 
3.20 
1.50 1.92 0.55 
1.02 1.50 
1.00 
I.lit: I.lit: 0.55 
111.lt:2 115.08 129.18 
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APPENDIX F, TABLE I (continued) 
Buy Buy Sell 
Capital Buy Grain Alfalfa Alfalfa 
Hire Labor Borrow Oats Serghum Ha;t Hay 
Rew P65 p66 P67 p68 P69 P70 . p71 p72 p73 
c. -1.00 
J 















115 1.00 1.00 1.00 1.00 -1.00 2.00 1.75 20.00 
116 0.50 0.50 0.50 0.50 -1.00 1.00 o.s7. 10.00 
117 







_ APPENDIX G, TABLE I 
PROGRAMMED QUANTITIES OF ALFALFA PRODUCED AND SOLD BY FARM SIZE, 

































AVERAGE RAINFALL CONDITIONS 
Average Rainfall Below Average Rainfall 
Quantity Quantity Quantity Quantity 




































































































aRefers to resource strata, farm type, and farm water level. For 
example, A-12 refers to resource situation A, farm type 1, and farm water 
level 2. These characteristics are defined in Chapter II. 
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APPENDIX G, TABLE II 
MARGINAL RETUBNS PER ACRE FOOT OF WATER FROM NO IRRIGATION AND PRECEDING 
LEVEL OF IRRIGATION BY FABM TYPE, SIZE, AND WATER LEVEL 
FOR AVERAGE AND BELOW AVERAGE RAINFALLa 
Average Rainfall 
Marginal Returns Per Acre Foot of Water 
From From 
No Irrigation Preceding Irrigation Level 
Farm Size Farm Water LevelsC 
and Typeb 2 3 ,,., 2 3 li 
A-1 36.69 25. 15 20.36 36.69 13.60 10.77 
B-1 30.'18 21.67 18.00 30.'18 12.87 10.67 
C-1 30.76 21.36 17.73 30.76 11,96 10.'17 
C-2 32.29 21.85 16.98 32.29 11.4:2 7.23 
D-1 20.93 17.38 1'1.98 20.93 13.83 10.18 
D-2 30.01 20.lJ:7 16.35 30.01 10.9'1 8.10 
E-1 22.58 16.16 13.72 22.58 9.75 8.83 
E-2 18.82 12.99 11.19 18.82 7.22 7.53 
F-1 20.72 15.61 13.45 20.72 10.51 9.11 
F-2 30.66 21.30 16.89 30,66 11.95 8.06 
Below Average Rainfall 
A-1 34.08 26.'18 19.53 34:.08 18.88 5.62 
B-1 32.M, 25.75 19.14 32.44 19.05 5.92 
C-1 27.42 21.00 16.62 27.42 18.65 7.86 
C-2 39.65 28.14: 21.19 39.65 16.62 7.30 
D-1 26.65 20.41 16.li9 26.65 n.17 8.65 
D-2 25.'15 19.22 15.69 25.45 13.00 8.03 
E-1 16.83 17.18 13.50 16.83 17.53 6.13 
E-2 3%.88 22.68 17.66 34.88 10.49 7,61 
F-1 25 .16 17.97 1%.36 25.16 10.77 7,14 
F-2 23.72 19.85 15.91 23.72 15.98 8.03 
8Marginal returns to water, family labor, risk, and management 
associated with irrigation exclusive of fixed costs of irrigation equip= 
ment. 
bA description of farm size and typ~ group$ is presented in Tables II 
and IV of Chapter II. 
cFarm water levels are defined in Table .VI of Chapter II. 
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